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THE GENETICS OF CONGENITAL PYLORIC STENOSIS 

E. A. COCKAYNE, 

Great Ormond Street Hospital, London, England 
and 

L. S. PENROSE, 

Ontario Hospital, London, Canada 

Congenital pyloric stenosis is a condition which usually becomes manifest 
about the fourth week after the patient’s birth. The sjmiptom of projectile vom¬ 
iting with constipation and the signs of pyloric tumor and gastric peristalsis are 
occasioned by anatomical changes which can only be observed if the case is sur¬ 
gically treat^ or examined at autopsy. The essential feature of the disease, 
muscular hypertrophy of the pylorus, is a structural change, probably present 
before birth for it h^ been identified in a stillborn child and a seven months’ 
foetus (Strachaner 1927). The disease has a low familial incidence and, though 
several pedigrees have been published which show more than one affected child, 
the mode of inheritance is uncertain. Cautley and Dent (1902) reported instances 
of the disease in a great aunt and her nephew and a family with three affected sibs 
was mentioned by Heubner (1906). There are other early records of more than one 
case in a family (Freund, 1903, Grissen, 1904, Ashby, 1907, and Rosenhaupt, 
1907). Still (1915) pointed out that in a series of 94 cases there were three pairs of 
affected sibs and Finkelstein (1924) recorded one family with four and another 
with three sibs affected. A brother and sister, both affect^, whose father may also 
have had pyloric stenosis in infancy, were described by Caulfield (1926), and 
Ashton (1929) found an authentic example of mother and son both affected. 
Cockayne (1934) published two pedigrees, each with a pair of first cousin patients. 
The case of a male patient, whose brother’s son and daughter and whose sister’s 
two sons developed the same condition, was reported by Halbertsma (1935). 
De Lange (1936) put on record a family of a female patient whose sister’s twin 
sons were also patients. Fabricius and Vc^t-MoUer (1937) described the case of a 
normal woman who had three affected chSdren by her first husband and four by 
her second. Pour pedigrees were investigated by Cockayne (1938): in one there 
was an affected pair of second cousins, in two pedigrees there were pairs of first 
cousin patients and, in the other family, there was a pair of affected first cousins, of 
whom the mother of one and the sister of the other suffered from vomiting during 
the first weete of life. 

Evidence in favor of hereditary influence in the causation of the disease has 
been obtained from the study of twins. Indeed, Ford, Brown and McCreary 
(1941) consider twining to be unduly freqt^mt among affected cases. When the 
twins are binovular, it is usually found that if one is ^ected the other is normal; 
excrat in one instance (Sheldon, 1938) monovular twins are equally affected. 

When a series of hospital cases of congenital pyloric stenosis is examined with 
respect to the birth order of the patients, it is r^;ui«ly found that between 40 and 
60 per cent are the result of first pregnancies; for example, StUl (1929) found that 
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48.5 per cent were first bom in 400 cases. The in&rence that pri m o g e nit ure ie s 
CBUstu factor has been accepted by many authorities (Ford, Ross and Brown IMl) 
but not all (Bell and Pitsgibbon, 1934). Since the statistical proof is not easy, a 
further investigation on tMs point is not, peibaps, out of place. Pearscm (1914), 
for example, asserted that primogeniture was a cause of quite a number of physical 
and mental defects: in some cases, later investigators have shown that his con¬ 
clusions cannot be upheld (Thurstone and Jenkins, 1931). In order to establish 
beyond doubt that primogenitme is really a contributary cause of a condition, data 
would have to be collected to show that the children bora after the patient were 
nearly always normal. 

In the investigation described in this paper, an attempt was made to follow up, 
after a period oi years, the families of undouDted cases of congenital pyloric stenosis. 
It was hoped, by this means, to obtain adequate data on which the influence of 
primogeniture might be accurately estimate. Unfortunately, the birth rate, 
during the period of the investigation, was declining and the following up of the 
families only discovered a very small number of brothers and sisters bom after 
the patients. Nevertheless, the results of the investigation, though not absolutely 
conclusive, are of value in suggesting the probable aetiology of the condition. 

The investigation was spread over a period of about five years. Most of the 
patients, who were the propositi of the study, had been treated in St. Thomas’s 
Hospital, Great Ormond Street Hospital for Children, in London, England. The 
writers arc indebt«i to a large number of helpers, among whom Miss D. E. Newlyn 
and Dr. D. M. Kapp should be specially mentioned. 

Great difficulties were encountered in followii^ up cases after long intervals. It 
was originally planned that the average interval between the operation and the 
visit to the family would be ten years: in fact the average interval was 6.66. The 
total number of propositi with unpublished pedigrees available for study was 434 
but only 212 families were actually visited. Attempts made to visit the families of 
about 150 patients were unsuccessful. In rural districts, nearly all the families could 
be traced, but less than half of those who had lived in cities. 

In the sibships of the 212 visited families (Series A), there were 221 affected 
children, of whom 185 were males, and 36 females. The diagnosis was confirmed at 
operation or autopsy in all cases except ten, eight males and two females, in whom 
the condition was medically treated. Of the children treated by operation, 130 
males and 34 females were surviving at the time of the visit: ^ve males had di^ of 
intercurrent diseases. In a numb^ of the surviving cases, some abdominal dis¬ 
ability remained, but the great majority appeared to be quite healthy. Of the 
ten medically treated cases, two males and two females died at the of four 
months or under. The propositi, whose homes were not visited, (Series B), numbered 
222 and in their sibships were altogether 228 afi^ted children. Of th^, 201 were 
males, 26 females, and one of unlmown sex. In all, 386 out of 449 patients were 
males, i. e., 86.0. 

TBB GENERAL FEATURES OF THE VISITED FAMILIES (SBEIBS a) 

In the 212 families, whose histories are summarised in the aj^wndix, there 
were 528 children who were known to be either affected or unaffected (Tsible I). 
There were also 53 children, whose state with respect to the in question 

could not be ascertained: of these, 26 miscarried, 13 were stillborn or died at 
birth, and 14 died in infancy. The average number of difldren per family in the 
data is, therefore, leas than three. The value of the data for decidiagwhetiMir or not 
primogenitore is an aetiok^lical factm* dq>ended a great deal on' ttw number of 
normal or affected children bom in the interval between patient's opscmon 
and the visit. This number, 132, was disappointta^ small. Smm the Muaofo 
who were interviewed admitted that they had ddfib^tcly limited the fiuaa% sftw 
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tbe patient's (qjeration because of the fear that aiKitherchikl ought have to uiutorgo 
the seme treatment. 

The familial incidence of the condition is low but the disease is rare enough to 
make it likely that, if two affected children are found in the same nbship, this is 
not due to coincidence. In Series A, there were seven families with two children 
affected (See families Noa 24, 68*, 119, 126, 167, 188 and 199*) and one family 
with thrM children affected (See No. 107). Further evidence of familial cmicen- 
tration was obtained by investigating near rdatives. Two pairs of propositi were 
ffrst cousins of one ano^er (See Nos. 37 and 150, 148 and IM): four other patients 
each had a cousin affected (See Nos. 31, 63, 104 and 181). In addition to this 
definite familial incidence, there were doubtful histories of congenital pyloric 
stenosis in one mother, three brothers, one sister, one uncle and one cousin: for 
purposes of analysis these were counted as unaffected. In taking the family his¬ 
tories, attention was paid to the incidence of diseases of the alimentary tract, such 
as peptic ulcer, cholecystitis, peritonitis and cancer of the stomach. Four fathers 
and four mothers had definite histories of gastric or duodenal ulcer, there were also 
nine such histories among grandparents and four among patients’ uncles. Appen¬ 
dicitis, peritonitis or ulcerative colitis were recorded in 13 parents, three sibs 
and five grandparents. Nine grandparents died of cancer in the alimentary tract. 

TABLE I 

SiBSHiPs (Seribs A) Which Contain at Least One Case op Congenital Pyloric Stenosis: 

Number op Children 



Bom 

before 

Propositus 

Propositus 

Twin 

of 

Propositus 

Born 

after 

Propositus 

Total 

Affected Male . 


178 

‘ 2 

5 

185 

Affected Female. 


U 

0 

2 

36 

Unaffected Male. 

90 


1 

73 

164 

Unaffected Female. 

m 


3 

52 

143 

Total.i 

178 

212 

6 

182 

628 

(Mificarriages , Stillbirths , I 
etc.) .' 

(34) 

1 

(-) 

(0) 

(1») 

(68) 


There appears to be a slight tendency for patients to possess structural abnor¬ 
malities other than pyloric stenosis: two patients (See Nos. 20 and 95) had hare lq> 
and deft palate, and in the famtl;^ where three sibs were affected (No. 107), 
three had atoormal conformation in the premaxillary r^on. One patient bad a 
congenital heart lesion (No. 54) and one had club feet (No. 190). Mental disease 
was a me complication; one inject was an idiot (No. 52), one was an imbecile 
(No. t04) and two were mentally retarded (Nos. 62 and 1£^). 

Among the membexs of the families who were believed not to have congenital 
pyloric stenosis, there were seven cases of hare lip or deft palate; one father (No. 7), 
three sibs (See Nos. 7, 74, and 162) and three other relatives. One brother had a 
c oa g enh al heart leiiott (No. 90) a^ a sist^ in die same family had oesophageal 
sKenods. One sister (No. 162) had coogenital absence of abdommal wall and 
dWtiber (No. 15) was siniidy stated to have been “deformed.” A cousin (See 
No. Si) died of rectal atresia and another (See No. 168) had congenital intestinal 


*!a thSM ftahUiBB, ths BiffaetBd pair war* twina but Hbatbar monovular or bfawvular ootdd 
noi bft aaoMtia&dttL 
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obstruction. Some of these structural abnormalities may have a gmetic relation¬ 
ship to congenital pyloric stenosis. The occurrence of blue sclerotics and brittle 
bones in patient and mother (No. 131) may have been quite tmconnected with 
congenital pyloric stenosis. Very few cases of mental or nervous disease were found 
among near relatives. 

The parents in four families (Nos, 12, 75, 129 and 134) were first cousins and in 
two families (Nos. 56 and 70) they were second cousins. There was an example 
also of a related case with first cousin parents in family No. 31. This incidence of 
first cousin marriages among parents of ascertained cases of congenital pyloric 
stenosis in Series A is significantly in excess of random expectation (Table II). 

TABLE II 

Parental Consanguinity 



Number with 
First Cousin 
Parents 

Number with 
Second Cousin 
Parents 

Total 

Number 

Propositi and their Sibs (Series A). 

4 

2 

221 

Other Relatives (Senes A). . 

1 

0 

4 

Totals (Series A) . . 

5 

2 

226 

Expected Totals with Standard Errors ,. 

1.37*1.17 

0.45*0,67 

225 

Propositi and Sibs (Senes B) 

1 

1 

228 

Totals (Series A and B) 

6 

3 

453 

Expected Totals* with Standard Errors | 

2 76*1.66 

0.91*0.05 

453 


*A survey of 34,62d general hospital patients conducted by the Human Genetics Com¬ 
mittee of the British Medical Research Council obtained the estimates 0 61% for first cousin 
parents and 0.20% for second cousin parents. 

THE GENERAL FEATURES OF THE UNVISITED FAMILIES (SERIES B) 

The 222 propositi in Series B provided some useful supplementary information, 
though in many aspects incomplete. In these sibships, 353 children were classified 
as affected or normal: there were also 16 stillborn sibs or miscarriages. Each 
propositus was, of necessity, the last to be born in the sibship. In six families, a 
sib was known to have been affected. Five patients had normal twin sibs. One 
patient suffered from hypospadias and left in^inal hernia in addition to pyloric 
stenosis and another suffered from achyluric jaundice. An unaffected sib of one 
propositus had a cleft palate and hare lip. Duodenal ulcer was diagnosed in the 
father of one patient. 

The maternal grandmothers of one male patient were sisters and the parents 
of another were second cousins. The record^ incidence of consanguinity in the 
patients in Series B is thus not abnormal. 

PRENATAL ENVIRONMENT 

The examination of the effect of maternal age in cases of congenital abnormality 
sometimes reveals the presence of prenatal causes which would otherwise be 
unsuspected. The mean maternal age at birth for the 221 subjects with congenital 
pyloric stenosis in Series A was 28.77 years and for 220 subjects in Series B the 
mean was 27.73 (maternal age was unknown in eight instances in Series B). A 
reconstruction of the data in Series A, on the assumption that an affected person 
would be equally likely to occur at any of the maternal ages found in sibship, 
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yielded the value of 28.06 years for the expected mean maternal age. The difference 
between the observed and the expected values are not significant and the result 
does not indicate that maternal age is an aetiological factor here. Paternal age 
was also found to be normal. 

Of 221 cases in Series A, 109 were the results of first pregnancies. In Series B, 
141 cases were first bom» out of the total number 228. The large percentages of 
firstborn cases, 49.3 and 61.9 in A and B respectively, support the view that primo¬ 
geniture is a significant aetiological factor. Caution is needed in accepting such 
a conclusion, however. In a recent survey of a very large series of births in Liver¬ 
pool Maternity Hospital, Malpas (1937) showed that the expected proportion of 
first pregnancies was 46 per cent. It was admitted that the percentage might be 
unduly high because primiparae are more likely to be delivered in hospital than 
multiparac. The proportion of firstborn children in the general population depends 
upon the mean size of the family in the community and this is difficult to estimate. 
In particular, as Greenwood and Yule (1914) have shown, families selected by the 
presence of at least one affec’ted member give an erroneous impression of the size 
of the family in the general population. The average size of sibships so selected 
tends to be too large. In a recent investigation of the families of mentally defec¬ 
tive patients (Penrose, 1938), the number of births, including miscarriages, per 
sibship in the general community, estimated by the method of Greenwood and 
Yule, was 3.38. According to this estimate, the expected proportion of firstborn 
children should be one in 3.38 or 28 per cent: if this estimate is correct, the propor¬ 
tion of cases of congenital pyloric stenosis who are firstborn is significantly high. 
There are, however, two other factors which have to be considered. Congenital 
pyloric stenosis is a familial disease and it is one which may cause family limitation 
as soon as the occurrence of the first case in the family has been recognized. These 
two factors both tend to increase the proportion of firstborn affected children 
in the sample. 

Suppose, for instance, that the normal number of children, bom in a family in 
the general community, is Assume also that a certain congenital disease causes 
family limitation so that no children are born after the affected member. Let the 
true proportion of affected to total numbers of children, in families liable to the 
disease, be r. The proportion (p) of affected children who are first bom in the 
family will be found to be 

r 

1 

If, for example, a rare recessive condition causes family curtailment, the value of r 
is one quarter, p (the proportion of firstborn cases) has the value of D.57 in a pop¬ 
ulation where the normal sibship numbers two, a value of 0.43 where the normal 
sibship numbers three, and a value of 0.37 where the normal number is four children. 

The mean size of family in the general population is not far above three and 
the known percentage of firstborn cases of congenital pyloric stenosis is about 0,60, 
this proportion would be of the right magnitude to agree with observation if the 
familial incidence (r) of congenital pyloric stenosis were about three-eighths. The 
evidence from the families investigated does not st^est that the manifest familial 
incidence can be nearly as high as this. By following up the 212 cases in Series A, 
who were the earliest affected in their sibships, 125 unaffected and seven affected 
children were ascertained (Table I). The propositi had four unaffected and two 
affected twin sibs. In Series B, there were five normal twin sibs of patients, 120 
normal and six affected other sibs. It does not seem likely, therefore, that the 
manifest familial incidence can be far from one in twenty. 

The ideal analysis of the comparative susceptibilities of the firstborn, second 
bom, etc., to congenital pyloric stoosis could be carried out if all the families, in 
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which a case had occurred, were investigated atMut 20 3^ean aftar the birl^ of the 
propositus. When the time interval be^veen diagnosis and investi^tioii te dmrt, 
most of the cases are last bom t^iddrea and it is impos^dble, by the Yuie-Oreenwood 
method, to demonstrate any tendency for firstborn children tb be affecited. Instead 
of finding an excess of the obsnved number of affected firstborn over tiie expected 
nunfijcr, when the interval is short, the method reveals a deficit, bi ^le analysis 
of the present data, this d^cit was seen uidess the interval exceeded m yeans. In 
those fainiliieB , which were investigated eight years or more after the berth of the 
propositus, tlrare was a dight excess of the observed number of firstborn affected 
over expectation (Table III). The oidy way to obtain an idea of what the analysis 
would have revealed if the interval could have been loager was to extiapcdate. 
This was feasible because the regression of size of fiumly on length of iidervtd since 
birth of affected cfaffd was found to be linear. U the avenge interval had been 10 
years, the observed number of afiFected firstoom divided by the e x pected number 
of afitec^ firstlxnn would have been 1.12. If the avenge interval had been 15 
years, the ratio might have risen to 1.59 and, at 20 years, it might have risen to 
4.45. Gnresponding ratios were calculated for the second and thhd places in the 

TABLE III 


Number o£ Years 
Sioce Birth of 
Propositus 

Number 

of 

Cases 

Number of Cases which 
Result from First 
Pregnancies 

Observed 

Expected 

(h 6 

90 

48 

54.62 

7 

58 

26 

25.96 

»-18 

78 

85 


0-13 

221 

100 

111.84 


family and for the fourth to the ninth. In TablelV, the results of tiiesecalculattons 
are shown. As no children are likely to be bora more than 20 years after the birth 
of any propositus, the ratios in the bottom row of Table IV show the t^per limit of 
the estimates for relative susceptibilities to congenital pyloric stenosis of children 
in the different bi^ ranks. The firstborn is perhaps about twice as likely to be 
affected as any child bora afterwards, but is not more than dx times as prone. 

DISCVSSIOM ON THE MODE OF INHBSITAMCE 

Two facts have b^ elicited by this enquiry. In the first place, there a^>pears 
to a definite f filial incidence, which applire mainly to sft» and to cousins and 
which is small in magnitude. Secondly, the proportion ^ the patients with 
c^anguinious parents exceeds randcEn expectation. These facto taken together 
give reason for supposing that congenital pyloric stenons is partly caused by a 
recessive Mendelian factor. Analysis of the data on the question of biith order is 
not conclusive but lends support to the assumption that the firstlxMti cldld is more 
likely to be affected than are the members <rf the sibehip born later. 'Ilms, low 
famuial incidence observed is not inconsistent with the hypothesis that the under¬ 
lying causal factor is a recessive gene. A tare recessive trrit should, indeed, 
manifested in one (quarter of the children in fsinilies which are prone to the dtoease. 
The observed familial incidence here, however, is only abwt one in twenty. If 
the firstborn were much more likdy to be affected than other diildren, the 
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inddeoce wocdd be smch tower in large faimUestiiBii in anatt ones, ‘nus in fact, is 
the case in the present data. In Soies A, apart 6am Uie two sets of affed^ 
twins, wiiich are second born, in every family wnere niore than one chshl is affected, 
tme of diem is firstborn. In the data of Secies B, diere aie fihiee instances of first 
and second, one of first and third, and one example of third saud sixt& c h fidren 
affected. Tlie tendency to famfiial incidence is greatest at the be^nnitig of 
femily. These considenitions malee it possiUe for a tow fionilial incMence to be 
consistent witb recessive (Hathesis as the underlying carae. 

In tbe present data, as in previous work, a gr^ excess of male over female 
patients is found: the nudm are about six times aaimmeroasas die fenudes. AmcNOg 
die unaffected sibs in Series A, however, the matos exceeed die females, narndy. 
164 matos to 144 females; in Series B there were 51 normal male dbs, 57 normal 
female sibB and 17 of unknown sex. Thus these were altogether S15 male and 201 

TABI^ IV 

Ratios of Observed to ExPEcmo Nuubbe Affected im 
Differekt Birth Ranks 


The table is calculated upon the assumption that the 
iacrease of size of family with the lapse of time is linear. 


Ntsnber of Yo&re Since 
Birth of Propositus 

Birth llai± 

let 

2nd to 3rd 

4ih to9th 

0 

0.82 

1.17 

6.19 

6 

0.93 

0 96 

1.72 

6.66* 

0.98 

0.92 

1 46 

io 

05 

FSS 

07 

16 

1.69 

0.78 

0.95 

20 

4 45 

0.74 

0.84 


*Mean interval in the data. 


female normal sibs. This distribution does not favor the assunqition tlmt the 
excess of male patients is due to the action of sex linked genes. Moreover, inspec¬ 
tion of pedigrees shows that transmission to a male patient must frequently take 
place throu^ the father. There is also no evidence of partial sex linkage. It 
seems correct to assume that the male constitution has less resistance than the 
female constitution to the development of the disease. This explanation of the 
differential sex incidence helps to account for the low familial incidence observed. 

On the hjqwthesis t^t a rare recessive gene is the underlying cause, the chance 
^t any child is susceptible in a sibship, where the disease can occur, is usually one 
in four. If the degree of susceptibility of the firstborn male child is maximal, the 
chance of its being affected is one in four. The degree of susceptibility of a firstborn 
female or of a male not firstborn will be much less than this, and the female who is 
not firstborn standi very little chance of being affected. The manifest familial 
incidence of the disease in a family of three children, vdiich mainly depends upon 
the chance of the occurrence of an affected l^tbom male, will have a value not 
much greater than ^ times the chance of being a male times the chance of being 
firstborn, i. e., or Hi. The observed familial incidence of is thus 

not in disagreement vdth the view that the predisposition has a familial incidence 
of The gene, moreover, must be commoner than the frequency of the disease in 
the general potation would at first suggest. Hence, it is not unlikely that 
occastonally parent and child would both be affected. 
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The hypothesis that a recessive gene, whose manifestation is influenced by 
birth order and sex, is the cause of congenital pyloric stenosis can be used to inter¬ 
pret the presence, in certain families, of abortive cases and associated abnormalities. 
Some structural abnormalities found in patients may have been accidentally 
present, but others, like hare lip, cleft palate and intestinal atresia, may have 
been modified manifestations of the same underlying gene. It is conceivable, also, 
that some of the alimentary diseases in relatives may have been manifestations of 
the gene in the heterozygous form. Peptic ulcer, for example, like congenital 
pyloric stenosis, is more often found in males than in females and has been believed 
to be due to an irregularly dominant genetic factor (Levin and Kucher, 1934). In 
homozygous form, this factor might affect the same organ more severely and earlier 
in life. In support of this view, it may be recalled that ulcers of the duodenum 
associated with pyloric stenosis in infants have been recorded by several observers 
(Holt, 1913; Harrison, 1931). 


SUMMARY 

The families of 212 cases of congenital pyloric stenosis were investigated about 
years after the births of the propositi. In this way, nine more cases were 
discovered in the sibships, two of whom were twins of the propositi. The data 
were amplified by reference to 222 propositi whose families were not visited. The 
data arc consistent with the hypothesis that the disease is a recessive diathesis. 
Males are more susceptible than females and the firstborn child is more susceptible 
than children bom afterwards in the same sibship. The relationship of congenital 
pyloric stenosis to some other diseases is discussed. 


APPENDIX 

DETAILS OF 212 SIBSHIPS; SERIES A 

Identification number of sibship. 

A—Ntamber of years between birth of first affected child and date of investigation. 

B—Excess of father's age over mother's age. 

C—Order of birth in sibship. The sex and tnatemal age at birth of each sib is shown in the 
appropriate birth rank. Affected children, who were living at the time of investigation, 
are indicated by underlining once. Affected children, who did not survive, are marked 
by double underlining. 

All cases were surgically treated, except those marked thus: 

Additional notes on the sibships can be found by reference to the identification numbers. 


N 

A 

B 

c 











1 

2 

8 

4 

5 

« 

7 

8 9 10 

1 

2 

1 

F80 








2 

5 

5 


P .. 

M25 

M27 

M29 

M80 

M33 


3 

1 

2 


M31 







4 

6 

2 

M24 








5 

3 

0 

fm 

M22 







6 

5 

2 

M22 








7 

7 

1 

M25 

M27 

F31 

M33 





8 

2 

1 

M28 

M36 







9 

2 

? 

F23 








10 

4 

4 

F23 

M24 

F27 






11 

9 

0 

F21 

F5S 

M27 

* 





12 

6 

2 

M27 








13 

5 

10 

FS 

M27 



- 




14 

2 

0 

P 18 










9 


No. 1 

1 


GENETICS OF CONGENITAL FYLORIC STENOSIS 

N 

A 

B 

C 










1 

2 

3 

4 

5 

6 

7 8 

15 

2 

—1 

F , 

|F27 

/M30 

\F30 





16 

11 

0 

M,. 

M39 






17 

4 

0 

Ml 7 

MlS 

F24 

M20 


F 28 

F 31 M33 

18 

13 

10 

M19 

F22 

M23 

F25 

F26 

F29 

F 31 F 33 

19 

2 

6 

M29 

















20 

0 

7 

M28 







21 

2 

1 

ra 







22 

9 

0 


F29 

M30 





23 

5 

0 

M27 

F 30 






24 

5 

0 

M20 

M22 






25 

5 

—2 

M29 

M32 

F 41 





26 

4 

2 

M23 

M26 






27 

4 

5 

F32 

M34 






28 

9 

1 

F . 







29 

1 

0 

M29 







30 

4 

1 

M29 

M35 






31 

1 

3 

M27 







32 

10 

—3 

F" 


M29 

M36 




;i3 

7 

6 

M22 







34 

10 

4 


F24 

M26 

M33 




35 

1 

6 

M29 







36 

10 

10 

F32 

M33 

M38 





37 

2 

7 

M26 

F30 

ra 





38 

3 

2 

F22 

M26 

M27 





39 

2 

-3 

M28 

M32 

F34 

M35 

M37 

F42 

M44 

40 

7 

2 

M38 







41 

8 

—1 

F26 

M26 

F29 

M31 

M32 

F38 


42 

8 

5 

M22 

F24 

M27 

F31 




43 

11 

10 

M22 

F24 

M26 

M28 

M30 

M34 

M37 

44 

5 

4 

F29 

M33 






45 

3 

3 

M25 







46 

3 

2 

M26 







47 

12 

12 

F29 

F32 






48 

6 

8 

M22 

F 24 






49 

4 

1 

M26 







50 

4 

2 

M22 







51 

5 

7 

M21 

25 






52 

3 

3 

M29 







5S 

9 

—1 

m 

M32 






54 

3 

1 

M26 







55 

8 

—1 

ro 

M27 






56 

5 

-1 

F 28 

M29 






57 

8 

—3 

M33 

Nl36 






58 

10 

10 

M 25 







59 

8 

5 

FIS 

F31 







6 

3 

m 

F27 

M31 





61 

6 

10 

F41 







62 

7 

6 

M84 







03 

6 

4 

m 

F . 

F29 





64 

7 

-2 

F29 
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N 

A 

B 

C 







1 

2 

3 

4 

65 

6 

0 

F . 

M21 

M26 


66 

7 

—6 

M28 

F29 

5i31 

P35 

67 

7 

—? 

SI55 

M31 







( M22 



68 

7 

1 

M21 

[M 



69 

6 

17 

F28 




70 

7 

1 

FS 

M33 

M36 


71 

7 

19 

M28 

M29 

M32 








72 

2 

0 

M28 




73 

8 

6 

FTl 




74 

6 

7 

M22 

F26 



76 

7 

1 

M27 

M28 

M32 


76 

6 

10 


M36 

F38 

M43 

77 

7 

1 

M26 

M28 

M81 


78 

6 

6 


F26 

F . 

M29 

79 

8 

2 

F26 

M29 



80 

8 

3 

M22 

TH 



81 

8 

1 

M23 




82 

7 

1 

flo 

F22 

M28 

M34 

83 

8 

1 

F20 

F26 

FS 

M20 

84 

7 

2 

M80 

M33 

M87 


86 

9 

3 

M21 

F23 

M31 

M27 

M30 

86 

7 

0 


F 

M88 

87 

8 

4 

M28 

F29 

F32 


88 

7 

3 


M28 



80 

7 

2 

M23 




90 

7 

0 

/ M 
\F29 

MU 



91 

7 

6 

F34 

M36 

M 


92 

7 

9 

M19 

FS 



93 

7 

—1 

M26 

M28 



94 

6 

7 

Pl2 

F33 

M34 

M39 

96 

8 

-3 

M33 


M38 

fSW 








96 

6 

0 

F23 

M29 

F32 

F37 

97 

6 

6 

P17 

M19 

M24 

Sf5f 

98 

6 

1 

MSI 




99 

7 

—4 


M34 



100 

6 

0 

M21 

F54 



101 

7 

2 

3351 

M26 

M29 


102 

7 

3 

P22 

F27 

F29 


103 

6 

3 

M26 




104 

7 

2 

F24 

F26 


F33 

106 

6 

10 

F23 

F28 



106 

7 

7 

F25 

5356 

F29 

F31 


8 9 10 


M36 
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N 
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B 
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1 

2 

3 

4 

5 

111 

6 

—2 

MS2 





112 

7 

2 


M36 

P89 



113 

6 

7 

F82 

FS 




114 

6 

0 

M40 

wa 




116 

6 

1 

fS 

M30 




116 

6 

1 

M27 





117 

7 

9 

F23 

P24 

P27 

M20 

P34 

118 

7 

2 

M21 

M0 

PS6 



116 

7 

1 

M22 

s 

M26 



120 

8 

0 

FS 

M27 

' 



121 

8 

-6 






122 

6 

0 


M27 




123 

7 

—1 


F26 




124 

7 

0 

Fai 

M38 

P40 



126 

7 

0 

Mao 

sssss 

P26 

F29 

Mao 

M32 

126 

8 

6 

M23 

M24 

M26 

SSB 





jOAJL 





127 

7 

20 

M39 

P .. 




128 

10 

—2 

M28 





129 

7 

6 






180 

10 

--3 






131 

7 

12 


P88 




132 

10 

0 

P25 

Wi 




133 

8 

—2 

.... 

F34 

P38 



184 

10 

0 

P33 

Mi 

F38 



136 

10 

—8 

F24 

.... 

M31 



186 

7 

0 

M28 





187 

7 

0 

M 

P26 




188 

7 

7 

IIS 

M31 




130 

7 

--6 

M32 

P34 

P36 

.... 

P39 

140 

10 

0 

M23 





141 

7 

1 

faJ 

M26 




142 

7 

1 

M28 


Fd8 



143 

7 

4 

MSI 

m 




144 

7 

—3 

liss 

Mar 




146 

10 

2 

1713 

Mae 




X4fi 

10 

8 


FM 

M86 

M28 

P80 

147 

6 

—2 

M30 





148 

4 

—1 

m 

M37 




149 

6 

4 

1!!!S 





150 

7 

3 

HSI 





m 

8 

3 

FIs 

par 

M33 



162 

7 

1 

M23 

Mas 

5® 

M80 


168 

8 

4 

M26 

M28 

M31 



164 

9 

1 

M33 


M2g 

M31 

M34 

166 

6 

5 

Mai 

Mar 




166 

6 

3 

Mig 





167 

7 

—1 

m 

F80 





e 




M41 


M32 


7 8 




M34 


MU 


M37 


9 10 
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1 

2 

3 

158 

8 

0 

M23 

M25 

M27 

159 

5 

8 

M21 

M30 

M31 

160 

7 

—5 

M30 

F3i 

M34 

161 

8 

6 

M22 

F29 


162 

6 

4 


F 

M28 

163 

H 

1 

M23 

M25 

M33 

164 

7 

0 

M24 

M30 


165 

8 

—1 

M30 

F32 

F .. 

166 

G 

13 

M20 

F22 

F23 

167 

13 

2 

M32 

F33 


168 

10 

4 

M24 

M27 


169 

? 

? 


M34 


170 

c 

3 

M23 

M25 


171 

4 

8 

M18 



172 

4 

1 

M26 

F26 

M30 

173 

4 

3 

F28 

M32 


174 

4 

6 

M22 

F26 


175 

11 

0 

M26 

M27 

M28 

176 

4 

3 

M16 

F 18 


177 

6 

6 

M25 

M27 


178 

6 

2 

M26 









179 

7 

1 

F31 

F36 


180 

11 

—1 

F22 

M24 

F26 

181 

8 

—2 

F28 

M30 

M39 

182 

11 

^-7 

M41 



183 

9 

23 

M22 

{m,} 

M24 

184 

8 

—1 

M29 

M35 




fM26' 

1 : 

fM33 

185 

U 

^ 1 piej 

^ F29 j 

P33 

186 

s 

0 

F19 

F22 

M24 

187 

8 

4 1 

(M171 
IF 17] 

[ M19 


188 

13 

4 

M19 

F23 

M27 

189 

10 

3 

M21 



190 

6 

1 

M22 



191 

9 

-8 

M37 



192 

3 

7 

M23 

M24 

M26 

193 

7 

—1 

M28 



194 

8 

—6 

M33 

F34 


195 

n 

—2 

M31 

F33 


196 

2 

5 

M22 



197 

5 

8 

M21 

M22 


198 






9 

4 

F20 

M22 

M25 







199 

7 

3 

P .. 

fM281 

F84 





1m28 

200 

11 

1 

M 


P27 

201 

4 

3 

M20 

M22 

M26 

202 

6 

■ 1 

M27 

1357 
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N A B C 

12345«78«10 
208 2 2 F 30 M35* 

204 1 1 F 22 iM * 

205 1 —2 M28 * 

206 2 7 M25 . M28* F29 

207 8 2 M26 * 

208 9 1 F27 

209 6 1 F28* M20 

210 9 4 ^ M26* M28 M30 

211 10 1 F36* 1^ 

212 10 0 M28 F25 

NOTES 

2. C2—died at birth. Two sisters of mother—cleft palates. 

3. Cl—miscarriage at 4 months. 

5. Cl—died of measles at 10 months. Mother's cousin—Little's disease. 

7. Father—cleft palate. Cl—double hare lip. 

9. Mother—history of vomiting in early infancy. 

12. Father and mother—first cousins* 

16. Cl—stiUbom, "deformed." C2—one twin died at one year of diarrhoea and vomiting. 

16. Cl—stillborn. 

17. C6—miscarriage at 3)^ months. 

19. Mother—appendectomy at 19. Cl—died at 7 weeks. C2—miscarriage at 1 month. 

20. Cl—hare lip and cleft palate, died at 4 weeks. 

21. Mother's sister's son died at 1 week of atresia of rectum. 

22. Cl—miscarriage at 2 months. 

27. Mother's mother-haemorrhage due to gastric ulcer. 

28. Father—died at age of 40 of ulcerative colitis. Cl—died at 1 day. 

30. Father—appendectomy at 32. Mother—appendectomy at 31. C2—undescended testis. 

31. Two children of 2 sibs of one of the father’s grandparents were the parents of a male 

who was medically treated for pyloric stenosis. ^ 

32. Cl—stillborn. C2—miscarriage at 3 months. Father’s mother-died of cancer of the 

stomach, 

36. C2—infantile paralysis at 14 months, C3—hemiplegic, but no history of febrile attack. 

37. Father's sister’s son—No. 160, Cl. 

38. Mother’s mother—cholecystectomy. 

39. Father's sister—cholecystectomy. 

40. Mother—gross rachitic deformity. Cl— bom by caesarean section. 

41. Cl, C2, and C6—died of measles in infancy. 

42. Mother’s brother's son—medically treated for severe vomiting at 3 months. 

46. Father—appendectomy at 28. Father's brother-died of cancer of the stomach. 

46. Mother’s brother—medically treated for severe vomiting in infancy. 

49. Father—abdominal tuberculosis. Father's mother’s father—died of cancer of rectum 
two children of his sibs died of cancer of stomach. 

61. Father—pulmonary tuberculosis. 

62. Cl—idiot with small head. 

64. Cl—congenital heart lesion. 

65. Father's father—died of cancer of stomach. 

66. Father’s mother and mother’s fathei^first cousins. Father—duodenal ulcer; appen* 

dicectomy at 32, Father’s mother—perforated gastric ulcer. 

68. Cl—^hydrococle at 2 years. Father's father—died of cancer of the oesophagus. 

60. Mother—flight cisophthalmic goitre. 

61. Mother—duodexial ulcer at 42. 

62. Cl—mentally retarded. 

63. C2—died at 2 months. Father's brother's son—treated medically for pyloric stenosis. 

64. Mothet^-slight goitre. 

66. Cl—stillborn, 

68. C2—both twins died at about 2 months. 

70. Father's father and mother's father—first cousins. Mother—appendicectomy at 39. 

71. Cl—died at 10 weeks. 

74. C2—hare lip. Father's father—gastrectomy for ulcer, 

76. Father’s father and mother^s father—brothers. Cl—died at 10 weeks. C2—recurrent 
vomiting from 2 to 6 years. 
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76. C2—died at 8 weeks, 

77. Cl—died of diphtheria at 5. 

78. C3—“died at birth. “ 

81. Cl—died at 8 weeks. 

82. C8—died of diphtheria at 4. 

83. C2—appendicectomy at 14. C8—pulmonary tuberculosis. C4 and C6—died of dijm- 

theria in childhood. Cl—miscarriage. Father’s father—died of cancer of the bowel. 
Mother's sister—cancer of the stomach. 

84. C2—died at 8 weeks. 

86 . Cl—died at 7 weeks, 

86 . Cl—died at 2 months. C2—appendicectomy at 11. C3—died at 4 months erf gastro¬ 

enteritis. 

87. Cl—died at 8 weeks. 

88 . C3—stillborn. 

89. Cl—died at 11 weeks. 

90. Cl—male twin died at 6 weeks of congenital heart. C2—died at 2months. C3—died at 

3 da3's of oesophageal stenosis. 

91. C2—died at 13 VeelS. C3—died at one month. 

93. Mother—dyspeptic. Cl—died at 8 weeks. Mother's brother—two operations for 
gastric ulcer. 

95. Cl—hare lip and cleft palate, died at 11 weeks. C2—stillborn. 

97. Father—dyspeptic. 

98. Father had attacks of abdominal pain. 

99 . C2—appendicectomy at 2 years, C3—induced abortion. Mother’s sister—appen¬ 

dicectomy. 

100. Father—appendicectomy at 23 years. 

101. C3—hernia. 

103. Mother—appendicectomy at 30. Mother's brother—appendicectomy. 

104. C3—miscarriage. C4—imbecile with subthyroidism. Father’s brother’s son—congenital 

pyloric stenosis. 

105. Patlier—duodenal ulcer at 40; perforated gastric ulcer at 43, Mother’s brother—died 

of peritonitis. 

106. C2—died of lymphosarcoma of thymus at 11, C5—died at 8 weeks, 

107. lather—appendicectomy at 30. C2—miscarriage at 3H months. C5—misetarria^ at 

5H months. Cl» C3, and C4—very slight degree of cleft palate in each case. Father's 
father—died of cancer of stomach. 

108. C2—miscarriage at 4J^ months. 

109. Cl—died in cofivulsions at 4 days. C2—miscarriage at 3 months. Mother’s mother— 

cholecystitis. 

110. Mother—duodenal ulcer at 36. 

111 . Two of mother’s nephews—appendicectomy. 

112 . Cl—miscarriage. C2—died at 15 weeks. Mother’s mother—died of cancer of stomach. 

113. Mother—appendicectomy at 28; probably also gastric ulcer. Fathet’s father—died of 

carcinoma of colon. 

114. Father—chrome colitis. Cl—died at 8 weeks. Mother's mother-died of cancer of 

stomach. 

118. Mother—gastric ulcer at 16- C2—died at 9 montha. C8—epileptic, 

119. Father’s mother—cholelithiasis. Father’s mother’s brother—hare lip. 

120. Mothei^-umbilical fistula. 

122. Mother's mother—gastric ulcer. 

124. Father—appendicectomy at 40. C2—died at 7 weeks. 

125. C4—died at about 2 months. 

126. Cl—died at 6 weeks. Father’s brother—cancer of stomach. Motber’e mother—duo* 

dezial ulcer. 

127. Cl—died at 6 weeks. C2—stillbom. C8—miaegrriages. Mother'a aiater’s daughter- 

died of appendicitis at 11. 

129. Father’s mother and mother’s mother—sisters. 

130. Mother’s sister—gastric ulcer at 30. 

131. Mother—bluish sclerotics: one tibia curved. Cl—miscarriage. C2—bhift tcterotica and 

brittle bones. 

134, C2—died of diphtheria at 3J4. Father’s father and mother’s father—hfothers. 

135, C2—stillbom. C3—died at 6 weeks. 

136, Cl—died at 9 weeks, 

187. Father’s sister—died of MrilonitU at 17. 

138. Mother’s mother-died of sutHrfiTenic abscess. 

139. C4—stillborn. C6—died at 18 Weeks, 

140. Cl—died at 5 weeks. 

141. C2—died at 10 weeks. 
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143* Cl —died at 9 weeks. 

145. Father's brother’s son—peritooitis. Mother's brother—died of intussuioafitioa at 4. 

146. C7—died at 6 months. 

146. Father's sister's son-^No. 164, C2. Mother's mother-gastric ulcer at 47. 

149. Cl—died at 11 weeks. 

150. Mother's brother's son—No. 87» CS. 

154. C3—died at 3 months. C6--mkcarhage. 

166. Cl—died at 8 weeks. C^—miscarriage. 

158. C6--mi8carriage at 6 weeks. Father's mother—died of cancer of bowel. 

159. C2—died at 4 weeks. 

162. Father—pyloric ulcer at 32. Cl—miscarriage. C2—abdominal wall malformed, died at 
8 weeks. C4—abortive hare lip and cleft palate. 

164. Mother's brotlier's son—No. 146, Cl. 

165. C3—stillborn. 

166. C5—miscarriage. 

167. C3—stillborn. Father's sister—app^ndicectomy. 

168. Mother—appendicectomy at 14. Father's nephew or niece (whose parents were first 

cotxsins)—died of congenital intestinal constriction. 

169. Mother—duodenal ulcer. Cl—miscarriage. Mother’s father—died at 67 of gastric ulcer. 

170. Mother—hyperemesis gravidarum ar 24. C2—died at 4 weeks. 

172. C4—died at 3 weeks. 

176. C6—miscarriage. 

176. Cl—died at 4 months. 

177. Father—exophthalmic goitre at 22. Father's brother—gastric ulcer. 

178. Cl—died at 9 weeks. 

179. Cl—died at 6 weeks. 

180. C4—died of meningitis at 9 months. Mother's father—died of perforated ulcer in ali¬ 

mentary tract. Mother's mother--gastric ulcer. MotJier's brother—duodenal ulcer. 

181. Mother—goitre. Mother's brother's daughter—pyloric stenosis, medically treated. 

Mother~8 father—died of duodenal ulcer. 

182. Cl—died at 7 weeks. C2—miscarriage. 

183. C2—one twin died at 2 months, the other at 2 days. 

184. Cl—hernia. 

186. Cl—died at 7 weeks. 

188 . Father—severe dyspepsia, 

187. Mother's father—gastric ulcer. ^ 

188. C4—hernia. 

189. Cl—mentally dull. 

190. Cl—talipes, 

192, C3—tuberculous pentonitis, 

197. Cl—died at 9 weeks. 

198. Cl—died at 9 weeks. 

190. Cl—died at 3 days. Father's sister—dyspeptic. 

200. Cl—died of wastmg disease at 3. 

201. C4—died at 10 weeks. 

206. C2—miscarriage at 3 months. C3—miscarriage at 1 month. 

209. Cl—died at 4 months. 

210. C^—died at 7 weeks. 

211. Cl—died at 3 months. 

212. Cl—died at 7 weeks. 
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California Geology 

This book is an attempt to interpret and make interesting for the general reader the technical 
knowledge of the complex geology of California. 

The first three chapters are introductory, the author ^ing to even greater lengths than a 
Chamber of Ck>mmerce in extolling the wonders of the Golden State. In the next four chapters 
the reader is oriented by following an SOO-mile bee-Unc the length of the state, by considering 
the general behavior of rivers and the geologist*s time-scale concept, and by having a *‘pano- 
ramS: review*’ of the major events and processes in California's geologic history. Twelve more 
rfiapters deal each with a particular area. Three additional chapters consider petroleum, gold, 
and agriculture. The final chapter is 87 pages long. It conducts the reader along eight dif- 
Terent automobile tours selected so as to completely (X)ver the state. Geologicsil phenomena 
to be seen along each tour are described. There arc 108 illustrations, mostly photographs. All 
the photographs are excellent. Good maps of several of the areas discuss^ are provided, but 
this reviewer made considerable use of a l^ge scale map showing the whole state. Such a map, 
marked so as to supplement the text and folded into a pocket in the rear cover, would have been 
a decided asset to the book, A glossary with 100 terms and a bibliography with 76 entries 
are compiled. 

Three errors of fact were noted: (1) The lowest point in the continental United States is 
not—296 feet in elevation with respect to sea level as stated in four places in the book, but is— 
280 feet as stated on page 1; (2) The San Gabriel Range is lower than the San Bemadino Range 
(page 229); (3) Bumpas^ Hell and Chaos Crags lie at the foot of Mt. Lassen^ not Mt. Shasta 
We 321). 

The book is quite wordy and often objectionably rqjetitious. However, a vast store of tet^h- 
nical information has been presented in non-teehnical style. The book should be of exceeding 
interest to those who enjoy understanding the out of doors, especially those who have had the 
opportunity to travel in California. It wUl be of great value to those unfortunates who are still 
merely planning such travel.— E, F. Paddock. 

Adventureg In Scenery, by Danid E. Willard. The Jaques Cattell Press, Lancaster, Pa., 
1942, 438 pp. $3,76. 


Chemistry of Insecticides and Fungicides 

Because of rapid progress in the chemical control of insects, it is important to keep abreast 
of new developments as well as to have a grasp of previous work on the subject. Since such 
information is usually found in widely scatterea publications it is always a great help to fellow 
workers in a field to have such information assembled into one volimie. The author of the book 
does this in an authoritative imnner, because he has taught a graduate course on the subject for 
several years and the volume is an outgrowth of his notes used in that course. It is the most 
up-to-date book on the subject and is exceptionally complete in details on the various topic.s. 

contents by chapt^ are as follows; Introduction; The Arsenicals; Lead Arsenate; 
Fluorine Compounds and Miscdlaneous Stomach Poisons; Nicotine and Pyrethrum; Rotenone 
and Miscellaneous Contact Poisons; Sulfur and Inorganic SuEur Compounds; Gila, Fumigants; 
Cop^ Compounds; Mercury Compounds and Miscefianeous Fungicides; Wetting, Spreading, 
and Emulsifying Agents; Spray Residue Removal; Macro Methods; Micro Methods. 

for the chapters dealing with macro and micro analytical procedures, the discussions 
of each chmical compound or group of chemicals is in regard to its sources, toxicity, manufacture, 
reactions with other insecUdde and fungicide mixtures, action to plants and possible corrective 
me^ures. A selected list of references is included at the end of each chapter. A subject and 
author index aro appended. 

The book is a very worthwhile contribution and wide acceptance appears assured, not only 
by ^tomologists and plant pathologists, but also by horticulturists, and teachers and researen 
workers in closely allied fid(& of science.— H, Diwidson* 

Cbamljtry of Insecticides and Foii|^des« by Donald E. H. Prear. 300 pages, D. Van 
Nostnmd Company. New York, 1942. |4.(K1. 



THE GIPSY AT THE CRUCIFIXION OF CHRIST^ 


AUGUST C. MAHR 
The Ohio State UniverBity 

Not 90 long ago, I came across the scenario of a 13th Century cyclical Passion 
Play, in Greek, from the Island of Cyprus (1). It is the earliest Imown attempt at 
a complete cyclical dramatization of the events of Holy Week. Starting with The 
Awakening of Lazarus, it embraces all the stations of tiie Passion, Crucifixion, and 
Resurrection of Jesus Christ, and concludes with the Lord's Injunction to 
His Apostles. 

In general, this Cyprus Passion Cycle follows closely either the Greek New 
Testament, or the apocryphal Gospel of Nicodemus, and only in a few exceptional 
instances the homilies and similar authoritative sources. In other words, it rep¬ 
resents throughout the accepted traditions of the Greek Orthodox Church of 
the period. 

In view of such faitliful adherence to the sacred traditions of the Church, one 
is perplexed by two stage directions in the scene that dramatizes Christ's Cruci¬ 
fixion and the Deposition from the Cross. The first of these acting directions reads; 
“And when they come to the place, the Smith shall appear and shall crucify Him, 
and the two thieves, one on the right hand, and the other on the left." The second 
reads, as follows: ‘‘And instantly the Smith shall come, and the Deposition from 
the Cross shall take place." 

The two passages quoted do not employ the same Greek tenn for “Smith"; 
in the latter passage, “smith" corresponds to the classical Attic chalkeus, while in 
the former, it is a rendition of the Neo-Hellenic homodromos. Whereas the ancient 
word chalkeus is derived from chalkos, meaning, succtissively, “copper," “bronze," 
and “metal" (particularly, “iron"), the more recent term, komodromos, has no 
primary meaning connected with metal-working; basically, komodromos means 
“one who runs about the village," The famous 17th century Greek lexicon of 
DuCange (2) lists two meanings: “vagabond," and “itinerant metal-worker." In 
a footnote to his edition of the Scenario of the Cyprus Passion Cycle, the Byzan- 
tinist, Albert Vogt, of Geneva (Switzerland), remarks about this komodromos: 
En rialiU, ce personnage est un boMmien (“In reality, this character is a Gipsy") 
(3). Unfortunately, Vogt fails to substantiate this interesting statement. 

Until this day, the vagabonding metal-workers, especially the nail-smiths, in 
the Near East, as well as in the Balkans and the Greek Islands, including Crete, 
C3q)rus and Rhodes, have been Gipsies; and, as the chronology of the Gipsy migra¬ 
tions shows, it is fully justifiable to assume the presence of Gipsy smiths on the 
Island of Cyprus, in the 13th Century, when the Passion Cycle originated. 

Conclusive studies of the migrations of the European Gipsies were published, 
between 1872 and 1880, by the late Franz von Miklosich, of Vienna (4). He 
based his research on fundamental discoveries about the provenience and 
structure of the Gipsy language, published, in 1844, by the German philologist, 
A. F. Pott (5). Miktosich analy:^ the vocabulary of the Gipsy groups in the 
different countries of Europe and thus traced the migrations of these tribal units 
from the East to the West. He showed that all the Gipsies in the world share a 
common stock of basic words from some Hindi dialect, augmented by a consid¬ 
erable number of Persian words. Hence he drew the inference that their homeland 
was India—the particular basic dialect points to the Hindukush Mountains— 
and that from here they first turned to Persia. The presence of a vast amount of 

^Reod b«fore the Anthropology Section at the 1942* meeting of the Ohio Academy of Science. 
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Greek roots in the dialects of all the Gipsy groups of Europe, and the absence of 
sudi Greek elements from the Gipsy dialects in Palestine, Egypt and North Afric^ 
indicates that, after leaving Persia, the Gipsy people continued its migration in 
two columns; one following a southerly course toward Syria and Africa; and the 
other turning into Asia Minor and subsequently, with the iEgean Islands as 
stepping-stones, into the Greek mainland, in particular, the Pdoponnesus. There is 
ample documentary evidence that they must have been living in Greece for about 
two hundred years when, from about 1400 A. D. onward, they began to appear in 
ever increasing numbers in Hungary, Bohemia, Germany, and dl the rest of Europe, 
including the British Isles. 

Although the chronology of their migrations preceding their arrival on the 
Greek mainland, about 12(W A. D., has not yet been clearly established, surely the 
afore-mentioned split into a west-bound and a south-botmd column must have 
occurred at least another two centuries previously. R^ardless of whether the 
Gipsies of Cyprus had branched off from the west-bound or the south-bound col- 
tunn, it is certain that, in the 13th Century, they must have been at home on the 
island for a long time. Since, moreover, the maUng of nails and other small iron¬ 
ware is an occupation common to both columns, the komodromos of the Cyprus 
Passion Cycle may be safely claimed as "a Gipsy nail-smith.” 

Indirectly, this inference is further substantiated by a Greek folk-tale and by 
several of its Slavic variants. In this popular legend, which I will discuss later, a 
Gipsy nail-smith figures at the Crudfiximi of Christ. 

Naturally, the questions arise: How did it happen that a Gi^v nail-smith 
could have ever become connected with this most sacred event which, moreover, 
was attested, in all its phases, by all four canonical gospels? And how may we 
account for the fact that the clerical author of the Cyprus Passion Cycle intro¬ 
duced this questionable character into his play as a perfect matter of fact; into 
that play which otherwise so strictly follows the Orth^ox tradition? Indeed, not 
only once but twice does this character appear; for the smith who takes the Lord’s 
body off the Cross, is doubtless meant to be the same fellow. 

Medieval Greek literature offered not the faintest clue toward the solution of 
the mystery; the one Greek folk-legend with its Slavic variants helped to deepen 
rather than solve it. At the point of giving up, it occurred to me that iconography 
might provide a hint. In quest of this Gipsy Smith, I turned to Byzantine pictures 
of both the Crucifixion and the Deposition. The former yielded nothii^; but all 
those of the Deposition showed a man in a diort tunic who, with a pair of large 
pincers, extract^ the nails that pierced the Lord’s hands and feet. 

All these pictures of the Deposition can be traced back to a pre-B}rzantine 
protot^e best represented by the miniatures of the so-called Rossano manuscript 
of the Greek go^ls (6). The Byzantine type based on it represents the canonical 
tradition of the Orth(dox Church, for it is thu type that is described in the Bytan- 
tine Guide to PaitUing, a well-known compmlium of rules for ecclesiastical 
artists (7). 

With thw in view, it was all the more perplexing to discover that the situation 
shown in this compositional pattern of the Deposition (Pig. 1) in no way illustrates 
wjr of the four canonical gospel accounts of this event, but that it d^icts the 
incident such as told with much elaborate detail in an early medievid Gre^ legen¬ 
dary Life of Christ which, in turn, is based on the fanciful account of the ^Mcryphal 
Gospel of Nicodetnus (8). According to these non-canonical reccwda, it was Nico- 
demus who, together with Joseph of Arimathaea, took down Lord’s body from 
the Cross; and it is minutely described, how they dimbed up two laddm to the 
arms of the Cross, and how Nicodemus pulled out' the big iron nails. 

In a yeryr few of the numerous cases where this elaborate and upb ibl ic ftl pattern 
of composition was used in mural frescoes, we &id the name of ’^Nicodemus'’ 
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inscribed near the nail-extracting figure; the Byzantine Guide to Painting also 
expressly states that it is Nicodemus who extracts the nails. The manner, how¬ 
ever, in which the nail-extracting man is generally r^resented in the pictures of 
that pattern, was more likely to obscure, than to stress, his identity as Nicodemus: 
in the vast majority of pictures, he wears a short tunic and has bare legs and feet, 
while all the other sacred personages in the picttue wear long tunics draped with 
cloaks; this applies equally to murals and to miniatures of gospel books. In the 
miniatures, moreover, the name of “Nicodemus” is never found ascribed, and it 
occurs in only a very few of the murals. Not a single miniature is known in which 
the nail-extracting man possesses a halo, while there is only the one or the other 
mural in which he is nimbed. In the majority of pictiures this man is also much 
smaller of stature than the other sacred persons. How then could the people be 
expected to know that this swarthy little fdlow was intended to be Nicodemus and 
not just what he looked like: a lowly komodromos, a Gipsy nail-smith, the kind that 
were roaming about the country-side maku^ and peddling nails and metal-ware? 



Fig. I 

Mioiature from Byzantine Gospel Manuscript, llth Century (Paris, Bibl. 

Nationtde, tr. 74, fol. 208v), Proin H. A. Omont, BvangiUs avu Miniatures 
Byzantines de PXIe Siiele (Paris, 1908), p. 181. 

Whenever in church any of the four gospel accounts of the Deposition was recited, 
was there ever a word said about Niccdemus' taking the Lord off the Cross, let 
alone, extracting the nails with pincers? Not even the clerics, when reading these 
accounts in their gospel books, could be exp^ted to identify as Nicodemus the little 
naU-extracting figure of the miniature which, most inconsistently, accompanied 
eadh of the go^l accounts (9) but in no way fitted any of the four versions. 
Besides, there is another factor contributing to the belief that this figi^ was 
nothing but a common Gipsy smith; very frequently, the miniatures of this com- 
positk^ pattern show,' on their right side, Joseph and Nicodemus carrying the 
body a{ Christ to the giuve (Fig. 1); in this half of the pictures, both figures mva- 
riabljr are e(^ually tall, both have haloes and wear the lo^ tunic with the himation; 
and i^ce tlw part of the illustration actually fits the gospel account in which both 
Nicodemus and Joseph are mentioned b]y name (10), there could be no doubt in 
Nicodemus’ identity, while the little naU-extracting felbw, over on the left, was 
all the more certain to be taken for just a common Gipsy nail-smith. 

For the anthropologist, it is of especial interest to observe that the very exist¬ 
ence of this notion presupposes a thorough familiarity on the part of the people 
vrith the Gipsies as the makers of nails and other ironware. It was so much a 
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matter of course to buy whatever nails were needed from the vagabond Gipsy 
smiths, that the people could not see how this ever could have been different; and 
since they had no feeling for anachronisms either, they naturally believed that the 
nails for the Crucifixion of Christ could not have come from anyone but a Gipsy. 
Weren't there in the very gospel book the pictures of the Gipsy pulling the nails, 
and was it not just as likely that this same Gipsy nail-smith also had hammered 
them in? 

I have mentioned the Greek folk-legend about the Gipsy nail-smith at the 
Crucifixion of Christ. It was found On the JEgean island of Lesbos and also occurs 
in a few Slavic variants. As was the case among the Greeks, the basic notion was 
doubtless spread among the Slavic peoples by the pictures of the Deposition which, 
in the Slavic gospel books are essenti^y the same as those in the Greek gospels. 
They show exactly the same swarthy little nail-extracting fellow in the short tunic 
and with the bare legs. 

Now as to the legend itself, in the Greek story, from Lesbos (11), the Virgin 
Mary meets the nail-smith, a Gipsy, and asks him whether he had seen her son. 
He replies that he was going to make five nails, instead of four, toward her son's 
impending crucifixion. Whereupon she curses him to be homeless forever. 

Two variants, almost identical with each other as well as with the Lesbos 
version, are somewhat more explicit about that fifth nail; one is from Bulgaria 
p2), the other, from Bessarabia (13). In these stories, the Gipsy says that he has 
induced the Jews to drive the fifth nail into Christ's side [Bulgaria: . . . into 
Christ's heart]. Accordingly, the punishment is more clearly defined than in the 
Lesbos version: the Virgin curses the Gipsy to be black, enslaved, to he a smith, 
and to be despised by all [Bulgaria: . . . never to get anything to eat unless he 
begs for alms]. 

The Little Russians of Galicia have the following version (14): When Christ 
was crucified, the Gipsy nail-smith brought four nails and said that all of them were 
likely to be useful. However, only three were used; but Christ cursed the Gipsy 
that he should stray as useless as that fourth nail. 

Another legend of Little Russia, from Galicia (15), tells this story: The Jews 
themselves dared not nail Christ to the Cross but commissioned a Gipsy to hammer 
in five nails. The Gipsy, however, drove in only four and swore that this was the 
number he had been hired for. Thenceforth, the Gipsies have been privileged by 
God to swear false at the fairs. 

All these stories clearly express the people’s contempt for the Gipsies. How¬ 
ever, there is another set of versions that are favorable to the Gipsy in that they 
modify the basic motif: far from providing the nails for the Crucifixion, let alone, 
m^ing them more than necessary, the Gipsy, now. steals one nail and, instead of 
being cursed, is being blessed, by Christ. 

As the Gipsies strayed farther and farther away from the Greek domain into 
the Slavic Balkan countries and beyond, they appear to have learned how to take 
the sting out of this legend so persistently harmful to their reputation, by twisting 
it in their favor and peddling it themselves. A feeble attempt in this direction may 
perhaps be seen in the last-told of the two Little Russian variants, the tone of 
which is decidedly conciliatory. 

I do not doubt, for instance, that the Gipsies had a hand in spreading among 
the Little Russians of Galicia, a story (16) in which the Car^nter (not being a 
Gipsy) is cursed never to become rich because he has made Christ’s Cross, but the 
blacksmith (being a Gipsy) is blessed because he stole one of the nails. 

Obvious pro-Gipsy propaganda may be seen in the following story from 
Lusatia (17), an East-German region inhabited by Slavic Wends: The Gipsy is 
bles^ by Christ because he steals one of the four nails, so that Christ may be 
crucified with only three, thus sparing Him the disgrace of hanging on the Cross 
with His legs parted. 
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I want to conclude with two stories that were collected in a Gipsy camp in 
Alsace (18); sure proof that this type of the legend is actually peddled by the 
Gipsies themselves. Here is one of them: When Christ was about to be crucified^ 
a Gipsy woman who was walking past, stole one of the four nails, so that Christ 
was crucified with only three. Therefore, the Gipsies are privilege to steal once 
in seven years. 

This is the other story: When Jesus was about to be crucified, there were in the 
crowd two Jewish brothers, called Schmul and Rom-Schmul. Schmul showed a 
cruel satisfaction at the impending suffering of the Ivord, but Rom-Schmul would 
have loved to save Christ from His terrible doom. That being, of course, impos¬ 
sible, he at least wished to show his good will; so he stole one of the four nails, and 
Jesus was crucified with only three. Later Rom-Schmul became a Christian, while 
his brother remained a Jew. It is this Rom-Schmul who became the ancestor of the 
Roms, as the Gipsies call themselves in their own language. 
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THE ANTS OF ASHTABULA COUNTY, OHIO 
(HYMENOPTERA, FORMICIDAE) 


A. E. HEADLEY^ 

1705 East 46th Street, Ashtabula, Ohio 

This list of ants collected in Ashtabula county and vicinity was compiled with 
two purposes in mind. First, to give some aid in determining the number of 
species of ants found in Ohio. Second, to record any interesting observations on 
ant behavior and ecological factors determining their distribution. 

Collections were made for the most part during the spring, summer and late 
fall of 1938. A few collections were made during the fall months of 1937 and the 
spring of 1939. A record of each nest was made as to its location, habitat, general 
structure and environment, the date taken and interesting occurrences in the nest. 
The types of ants collected; whether they were workers, winged forms, queens, 
pupae, etc,, were noted. The ants collect^ were placed in one dram vials with 
seventy per cent alcohol acting as a preservative. 

DESCRIPTION OF THE REGION 

The collecting area has been separated into three regions that seem to be dis¬ 
tinct as to soil features and general topography. First, a lake plain strip about 
five miles in width south of the present shore of Lake Erie. TVo parallel sand 
ridges mark the ancient beach lines at former lake levels—North Ridge and South 
Ridge. The soil of this region is mostly sand, with some gravel and sandy loam. 
Second, the gulf and ravines of the Grand River along the western side of the 
county; also a small part of Geauga county bordering Ashtabula on the west. This 
second region is all well drained and has a clay soil. The third area is south of the 
lake plain region, where the land is poorly drained and the topography is flat, 
rolling groimd. This section has an impervious shale base with heavy clays from 
the glacial drift. (Read, 73). 

The forests in these areas differ. In the lake plain region the forests east of 
Ashtabula city contain considerable hemlock with Be^-Sugar Maple-Tulip 
subtype occurring. (Hicks, ’34). Toward the western side of the lake plain section 
are found Beech-Maple forests with scatterings of white elm, oaks, common locusts 
and hemlock. 

The better drained section along the ravines of the Grand River is an Oak- 
Hickory association with scatterings of sugar maple, beech, white ash, tulip, hop 
hornbeam, wild cheny, and trembling aspen. Hemlock is found aloi^ the sides 
and bottoms of the ravines. The forests of the Geauga area are Oak-Hickory with 
sugar maple, beech, white ash, and white elm. 

In the poorly drained section south of the lake plain region are foimd sugar 
maple, be^h, white elm, walnut, tulip swamp white oak, some linden and 
trembling aspen. 


ECOLOGICAL FACTORS 

Dr. Shelford states: “Since the environment is a complex of many factors, 
every animal, while in its normal environmental complex, lives surrounded by axui 
responds to a complex of factors in its normal activity.** (Shdfoid, *13). Thus it is 

>The author wishes to express his indebtness to t>r. C. H. Kennedy for all his hdp and advice 
tn this work. Also for the use of his library which nu^e reference study possible. The neceiftary 
laboratory work was done at the Fran* Theodore Stone Labforatory, OiMter Isknd, PuVin-Bayi 
Ohio. Myrmicas were identified by N* A. Weber. 
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impossible to study any group of organisms without taking into consideration 
their environmental surroundings. 

Certain species of ants establish their nests where the sun can shine directly on 
them. Such species as F, pallide-fuha varieties, F. fusca var. subsericea, F. sanguinea 
varieties, Lasius niger var, neonieer, F, exsectoides and Cremaiogaster UneolcUa are 
found in fields and the borders of woods or open sunny places in woods. 

Other ants are constantly associated with woods. In this region there can be 
distinguished no ants limited to a particular type of forest, the same species being 
found in oak-hickory or beech-maple climax woods. There are fewer ants not only 
in numbers but also species in a predominately hemkxdk area due possible to the 
covering of the ground with hemlock needles. 

For log inhabiting ants the amount of deterioration of the logs determines what 
species are established in them. Ponora coarctaia pennsylvanica, Proceratium 
sUaceum, Stigmalomfna paUipes, Lasius claviger, Lasius unthratus^ mixtus var. 
aphidicola, and Camponotus herculeanus ferrugineus are found in logs rotted inside 
to a substance that can be dug out with the hand. This material is damp and fine 
enough so that the actual nest and galleries are often destroyed before the ants are 
seen. It is noted that ants do not occur in beech logs with stringy fibers. Wood 
inhabiting ants are seldom if ever found in logs that are moldy throughout. 

The following species: Camponotus kerculeanus pennsylvanicus, Aphaenogaster 
tennesseensis and CreamiogasUr lineolata require solid logs or tree trunks with less 
moisture. 

Small ants such as the Leploihorax genus are found in the cracks and crevices of 
the bark of solid logs Leptothorax acervorum subs, canadensis spread their nests 
over two or three feet of solid maple bark located in sunny openings of the woods. 
The species Leptothorax fortinodis also nest in fallen maple trees with firm bark 
found in sunny places in woods; but restrict their nests to small areas two or three 
inches in diameter. 

The mound building ants, F. exsectoides^ nest principally in clay soils. These 
ants were plentiful south of the lake plain in clay, but only three nests were col¬ 
lected in sandy regions. These nests in the sandy areas were low flat mounds, while 
in the clay soils the nests grew quite large and cone shaped. The F, fusca var. 
subsericea mounds were plentiful in clay, being larger and more substantial than 
those of sandy regions. 

Slave making species of the F. sanguinea group can live only in the vicinity of 
their slaves, which in this region are F. fusca var. subsericea. Similarly Harpagoxenus 
americanus is found only where Leptothorax longispinosus or curvispinosus 
are abundant. 

The great adaptability of ants to food conditions makes it difficult to say that 
certain types of ground flora are required. 

Geographically speaking the area seems to be too far east for Formica ulkei and 
it has not been collected. Just what the limiting factors are can not be stated. 
I^tothorax acervorum supsp, canadensis^ a northern ant, seems to reach its southern 
limit in this region having been collected along the lake plain area, 

FAMILY FORMICIDAE 
Subfamily Ponerinae 
Genus StigmatcHama Roger 

Sttamatonuaa RslUpM (Haldetoan). 

Typihlopone pMpes Hiddetnan. 1844. Proc. Acad. Nat. Sc. Phila. 2: 54. Worker. 

Three workoe were collected. Two were found under rocks in damp clay soil located in 
Beech-Maple woods^ The rooks eictended from three to five inches under the surface of the 
ground where it was alwa3rs dark and damp. A third worker was found in a wet maple log whose 
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rotted material could be combed through the fingers. This ant is a rare and primitive species 
which is subterranean in its habits.^ 

Genus Proceratium Roger 

Proceratium allaceum Roger. 

Proceratium silaceum, Roger. 1863. Die neu aufgefuhrten Gattu^en und Arten meines 
Formiciden-Verzeichtusses. Berl. Ent. Zeitschr. 7: 131-172. Worker. 

This primitive ant is as rare as the preceding species, one worker only having been taken. 
The specimen was found wandering along a large white oak log that had rotted inside to a very 
damp punk. The log lay in a moist Beech-Maple woods. Locality, Thompson, (Geauga Co.). 

Genus Ponera Latreille 

Ponera coarctata Latr. subsp. pennaylvanica Buckley. 

Ponera pennsylvanica Buckley. 1866. Descriptions of new species of North American 
Formicidae. Proc. Ent. ^oc. Philad. 6: 171. Worker, 

A much more abundant species than the two previously described. Nests were found in 
rotting stumps or logs, under stones, and in acorns lying in moist places. Workers, larvae, 
pupae, winged forms and nest queens have been taken. Males and females were collected from 
the fifteenth of August to the eighth of October. 

All the nests were small, some with irregular and apparently unfinished galleries. This ant 
moves slowly and does not rush out in the face of danger to retrieve the brood as would one of 
the F. pallide-fulva group. (Wheeler, ’10, Ants, p. 238). 

Subfamily Myrmicinae 
Genus Mynnecina Curtis 

Myrmecina graminicola subsp. americana Emery. 

Myrmecina latreillei subsp. americana Emery, 1896. Beitr^e zur Kenntniss der nordamcr- 
ikanischen Ameisen fauna. Zool. Jahrb. Syst. 8: 271, Worker. 

One nest of this rare ant was collected from an acorn in a dense camp Beech-Maple climax 
forest. The ground had no vegetation other than moss. From this nest workers, pupae, one 
male and nest queen were taken. 

Genus Monomoriuxn Mayr 
Monomorium Pharaonla (Linne). 

Formica pkaraonis Linne. 1768. Syst. Nat. Ed. 10: 580, 

This tiny yellow ant has been transported all over the world by means of ships. Workers 
were taken from an apartment house in Cleveland, Ohio. They were found from basement to 
top floor raiding kitchens and bath rooms. Two lines would be formed, ingoing and outgoing, 
traveling in single file. They would be found in the butter, meats (bacon particularly), soaps, 
cold creams, etc. 

It was wrongly thought by Linnaeus that the Egyptians were plagued by ants as well as 
other insects during Biblical times. Thus he gave them the name *'Pharoah’8 Ants,” They are 
believed to have originated in India. 

Genus Solenopsis Westwood 

Solenopais molesta (Say). 

Myrmica molesta Say. 1836, Descriptions of new species of North American Hymeooptera 
and observations on some already described. Bost. Joum. Nat, Hist. 1: 298. Worka*, 

Nests are found in open grassy places, under logs, stones or bark of trees. The species fre¬ 
quently nests with other ants such as the Formica fusca group, the F. paUide-ftdva group, Tapi* 
noma sessiUj F, exsectoides, Myrmicas or Aphaenoiosters that are in mounds or in the ground. 

■Unless otherwise stated each ant mentioned in this paper has been oohected in A^tabula 
County. 
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Living up to its name, the thief ant, it can be very annoying in the kitchen at times. Males 
and females were found from the fifteenth of July through August. 

Genus Crematogaster Lund 

Crematoguter llneolata (Say). 

Myrmica lineolata Say. 1830. Descriptions of new species of North American Hymenoptera 
and observations on some already described. Host. Joum. Nat. Hist. 1: 2W. Worker, 
female, male. 

The colonies are found in fields and open woods nesting in rotting but fairly solid stumps, or 
logs, under bark and stones or in old abandoned F. fusca subsericea mounds. There is a wide 
range and much variation in types of localities of nests. Some are in damp places, but most are 
in fairly dry habitats. If one jars a stump these ants will boil up out of cracks and crevices. In 
general the colonies are large. Males and females are present from early August to late 
September, 

Crematogaster Uneolata var. ceraai (Fitch). 

Myrtnica cerasi. Pitch. 1864. Trans. N. York State Agric. Soc. 14: 835. Worker. 

This variety has the same general form as tlie previously described Crematogaster^ but is 
lighter in color, the thorax having more red on it. It is difficult to distinguish between the 
varieties. Nest locations have the same environment as Crematogaster Uneolata. 

Genus Aphaenogaster Mayr 

Aphaenogaater fulva Roger. 

Aphaenogaster fulva Roger. 1803. Die neu aufgefuhrten Gattungen und Arten meines 
Formiciden-Verzeichnisses. fieri. Ent. Zeitsclir. 7; 190, Worker. 

Nests are in damp woods, under stones, in rotting wood, often imder clumps of leaves in a 
careless fashion. The soil is generally a clay with some sand. Males and females were found 
from the fifteenth of July to the twenty-fifth of September. 

Aphaenogaster fulva Roger subsp. aquia (fiuckley). { 

Myrmica (Monomorium) aquia fiuckley. 1867. Descriptions of new species of North Amer¬ 
ican Formicidae. Proc. Ent. Soc. Philad. 6: 341. Worker, female. 

This reddish brown ant differs in habitat from Aphaenogaster fulva in being found in more 
open places; in fields, by roadsides and openings in woods. Nests are found under stones, in 
logs, under grass and dead vegetation. The soil may be clay or sandy loam. 

Aphaenogaater fulva subsp. aquia var. picea (Enlery). 

Stenamma (A.) ftdvum subsp. aquia var, piceum Emery. 1896. fieitrage sur der Kenntniss 
der nordamerikanischen Ameisenfauna, Zool. Jahrb. Syst. 8: 305. Worker, female, 
male. 

This ant has the same general outlines of the subspecies aquia but has a pitchy black color. 
It may be confused sometimes with Aphaenogaster fulva. The nesting sites are the same as those 
of the species/tt/w. 

Aphaenogaater tenneaaeenala (Mayr.). 

Alta tennesseensis Mayr. 1862. Verh. Zool.-bot. Ges Wien, 12:743. Worker. 

An ant with a cherry sed cobr when seen in the field. It has epinotal spines longer than 
any other local Aphaenogaster» The typical nesting sites of this ant are found to be off the ground 
high up in stumps or in the top portion of logs or dead limbs, that do not touch the ground. The 
nests are located in places where sunshine can get to them. Winged forms were taken July 80, 
1939. Nesting habits indicate that tmnesseensis is al^real rather than terrestrial. 

Genus Myrmica Latreille 

Mynnlca punctiveiitria Roger. 

Myrmica punctmnlrU Roger. 1868. fieri Ent, Zeitschr, 7:190. Worker. 

The nests for the most part were located in moist shady woods, with moss growing on the 
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ground and sides of trees. Several nests were collected from acoms that were damp inside and 
had considerable amounts of debris in them. 

Mynnica scabrinodis subsp. lobicomla var. fraeticoraia Emery. 

Myrmtca iovicornts Nyl. subsp. jracUcornh Emery. 1894. Zool. Jahrb. Syst. 8: 313. 

A nest of this variety was collected in an open sunny spot of a Beech-Maple woods. The 
soil was fairly dry, sandy, loam. Vegetation was grass, club moss, cinquefoil, green ash, hazel 
nut, bushes, maple and white oak trees. There was no mound, just an opening from which a 
gallery extended down eight inches. 

Mynnica scahrinodis subsp. schencki var. emeiyana Forel. 

Myrmica schencki Emery subsp, emeryana Forel, 1914. Deutsche Ent, Zeitschr. P. 617, 
Four nests of tins ant were collected in widely separated areas of the county. They were 
found in open fields or in sunny spots at the edges of woods. The soil consisted of clay or shale, 
generally dry and hard. Vegetation was predominantly grass, cinqurfoil and berry vines. Surface 
structure of the nests varied. In some, openings were scattered over small domes of earth, in 
others they were flat at the surface, or under logs and stones. 

Mynnica sabulati subsp. americana Weber. 

Afyrmica sabuleti Meinert subsp. americana Weber. 1989. Lloydia 2: 144-6, 

Nests were found in open fields where the soil was dry clay and the vegetation was grass, 
cinquefoil and berry vines. One nest was found in sand. Openings could be traced down for 
about a foot below the surface. 


Genus Laptotfaorax Mayr 

Leptothorax acervorum subsp. canadensla Provancher. 

Leptothorax canadensis Provancher. 1887. Addit. Faun, Canada Hym, p. 245. Worker, 
female, male. 

One nest was collected north of Geneva, Ohio. It was under the bark of the trunk and part 
of a branch of a fallen sugar-maple tree located in an open glade in a Beech-Maple woods. When 
the bark was lifted off the ants were captured as they came to the surface from their galleries that 
ran lengthwise of the soild wood. Workers only were collected from this nest. The ant is a 
northern form as the name indicated. The nest collected is the only record so far for Ohio. 

Leptothorax fortinodia Mayr. 

Leptothorax fortinodis Mayr, 1886. Die Formiciden der Vereinigten Staaten von Nord- 
amerika. Verb. ZooL-bot. Ges, Wien. 36: 451-452. Worker, female, 

A single colony of this species was taken. It was found in the bark of a fallen maple tree 
located in an open sunny area of a dense Beech-Maple woods. The nest was small, not more 
than three inches in length. It is the exact opposite of the previous form which spreads out 
over a large area of a log. The collection was made July 28, Workers, pupae, nest queen and 
two males were taken. 

Leptothorax longiepinosus Koger. 

Leptothorax longispinosus Roger. 1863. Die neu aufgefohrten Gattungen und Arten meines 
Formiciden Verzeichnisses. Berl. Ent, Zeitschr. 7:180. Worker. 

The nests of this small dark ant are found under the bark of dead and living trees, in acoms, 
snail shells, in hollow twigs and oak galls. Quite often one or two may be seen by a collector 
without his being able to locate the nest. 

Twenty-four acorn nests were coUocted in an area twenty by twenty-five feet* located along 
the top of a ravine cut by the Grand River, The acoms were one-half inch in diameter, having 
fallen from red oak trees. The outside covering of each was solid except for a tiny opening next 
to the ground. The acorn centers were hollow and dry, some being exceedingly dean while others 
contained a small amount of debris. Since collections were from .nud-SQ>tetuber to the middle 
of October practically all of the nest inhabitants were procured^ It would seem that e sami- 
hibemating condition existed. The largest nest contah^ one hundred and tea. workers and a 
nest queen. The average eieed neste contained forty to fifty workers together vdth the nest 
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queen and pupae. The smallest nests contained four to seven workers; however, they contained 
Harpagoxenus queens which would indicate that a number of workers had been killed in a raid. 

The choice of acorns for nests is correlated with the fact that colonies are generally small. 
Small colonies are due possibly to the relatively small fecundity of the female since she is but 
little larger than the worker. Then, too, there is usually not more than one fertile female to a nest 
according to the records of this region. Only one nest contained two normal queens together 
with one aberrant female. 

Leptotiiorax curvisplnosus Mayr. 

Ltptotharax curvispinosiis Mayr. 1866. Myrmecolgische BeitrAge. Sitz.-ber. Akad. Wiss. 
Wien. 63: 608, pi. f. 13. Worker. 

This ant nests in hollow twigs, under bark of trees in acorns and oak galls. An occasional ant 
will be seen wandering about in the grass or on the twigs of bushes, To find the nest of such 
wanderers infinite patience is required. 

Complete nests were taken from acorns lying on the ground. These acorn nests always had 
a good outside covering however thin they might be. The inside would be dry with small amounts 
of debris. The woods were open Beech-Maple with a scattering of red and white oak trees. The 
soil was dry clay with a shale base. The ground vegetation was mostly grape vine runners and 
some tufts of grass. Workers, nest queen, larvae, and pupae were collected. 

Leptothoraz curvlspinosuB subsp. ambiguus Emery. 

Leptothorax curvispinosus subsp. ambiguus Emery. 1804. Beitr^ge zur Kenntniss der Nord- 
amerikanischen Ameiscnfauna. Zool. Jahrb. Syst. 8: 317-320. Worker. 

Ten nests were collected; four from soil at the edges of woods in open fields; six from acorns 
of red oaks scattered along the edges of Beech-Maple woods. 

The ants from nests collected in open fields were light in color. The colonies were located in 
and among roots of cinquefoil {PoUniiUa palustris) and sheep sorrel {Rumex acehsella). The 
nest would spread out a foot in radius with galleries running underground from one group of 
roots to another; or around the roots of one plant. By carefully pulling up the cinquefoil the 
nests were encountered one or two inches under the surface the ground. The soil was always 
dry, fairly hard clay. Nest locations wore far enough out from tree trunks to get plenty of sun¬ 
shine. The principal vegetation was cinquefoil, sheep sorrel, golden rod and plantain with oak 
trees along edge of woods. Workers, pupae and nest queens were collected. 

Ants collected from acorns were of a darker hue. The ac.oms were one-half inch in diameter 
and were from red oak trees. The outside shell was in perfect condition with a small opening on 
the surface next to the ground. They were dry inside with little debris. There was some ground 
flora, grape vine runners and tufts of grass. These nests were located at the top of a ravine of the 
Grand River, at Harpersfield, Ohio. 

Genus Harpagozeaus Forel 
Harpacoxeatta amexkanua (Emery). 

T&mosnaihus ammcanus, Emery. 1896, Beitragc zur Kenntniss der nordamcrikanischen 
Axneisenfatma. Zool. Jahrb. Syst. 8; 272. Worker. 

A black ant recognised by the groove formed by the frontal carinae wliich extend back to 
the vertex, giving the antennal scapes a resting place. 

This extremely rare ant enslaves species of Lepiolharax. Three isolated queens were taken 
from small Z. hugispinosus in nests found in acorns. Another interesting nest was made up of 
both Z. icngispinosus and L, curvispinosus workers together with two H, americanus workers 
without a queen. An explanation of this unusual nest might be found in Dr. Crdghton*s article 
entitled **The slave raids of Harpagoxenus americapus/’ He explains an almost similar mixed 
colbny found by Wheeler in this manner. *T would consider Dr, Wheeler's mixed Leptothcrax 
cobny as a remnant originally formed by dulosis from which the Harpagoxenus had migrated or 
been killed off while raiding." 

About 60 acom nests of various species of Lepiothorax were collected along the top of a ravine 
of the Grand River at Ilarper8fl«4d in an attempt to locate more, and complete, Harpagoxenus 
americanus nests; th^ are yet to be found. 
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Subfamily Dolichoderinae 
Genus Tapinoma Forster 

Tapinoma aeasile (Say). 

Formica sessilis Say. 1836. Descriptions of new species of North American Hymenoptera 
and observations on some already described. Host. Journ. Nat. Hist, 1: 287-288. 
Worker, female. 

A very common ant nesting under rocks, logs in old mounds of other ants, under bark of trees 
and clumps of dead leaves. The nests are in fields or open woods, where the sun can get to them. 
They often have an untidy appearance as if housekeeping had just started, nothing being in place. 
Pupae are often piled up in heiips or just under the bark of a log in a careless manner. 


Subfamily Camponotinae 
Genus Prenolepis Mayr 
Brachymyrmez heeri subsp. depilia Emery. 

Brachymyrmex heeri Forel subsp. debits Emery. 1895. Beitr^e zur Kenntniss der nord- 
ammkanischen Ameisenfauna. ^ool. Jahrb. Syst. 7; 635. Worker, female, male. 

Nests are located under stones of open woods. The soil may be rather dry clay. Colonies 
are always small and do not go more than one or two inches down into the ground under the 
stones. Males and females make their appearance from the middle of August to late September. 

Prenolepis imparis (Say). 

Formica imparts Say. 1836. Descriptions of new ^ecies of North American hymenoptera, 
and observations on some already described Bost. Joum. Nat. Hist. 1: 287. Female, 
male. 

This interesting ant is found most readily in gardens, under grape arbors and fruit trees in 
sandy soil. They are the first ants to open their crater nests in the spring. At that time there will 
be a flight of males and females which have wintered over. During the hot summer months 
workers are not readily found but in the fall they open the nests again and are numerous on 
fallen fruit, 

Prenolepis imparis imbibes fruit juices and secretions of flowers, loading their gasters until 
they are so distended that walking is difficult. Many workers winter over in this replete con¬ 
dition, In this re.spect they resemble the honey ants {Myrmuocystus) of southwestern United 
States and Mexico. 


Genus Camponotus Mayr 

Camponotui herculeanus subsp. pennsylvanicus (DeGeer). 

Formica pennsylvanica DeGeer. 1773. Mem. Serv. Hist. Insect. 3; 603. PI. 31, figs. 9, 10. 

Worker, female, male. 

A large black ant commonly called the “carpenter ant.“ The nests are in dead logs, stumps or 
decayed centers of living trees, or in the wooden foundations of houses. Galleries are formed 
all through their abode. 

When a nest is opened in which a young queen and her brood are found the queen will stand 
over the brood attempting to guard it. This would indicate to a high degree the instinct of pro¬ 
tection. It is certainly the opposite of the case found in the Ponerinae subfamily where workers 
move away from the brood when disturbed. 

This ant will make trails an inch in width from one tree to another The workers have been 
observed to lie down on their side and take a “nap” while traveling these trails. When disturbed 
these ants will run along a slab or bark and drop over as if dead, completely relaxed; when the 
danger is passed they will scurry along to a safe hiding piece. 

When a neat has been built in the timbers of a house much damage may be done before the 
occupants are aware of the fact. 
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Camponotas herculeanus subsp. pemuylvanicua var. femigineua Pabr. 

Formica Ferruginea (Fabricus J. Chr.). 1798. Suppl. Ent. Syst. p. 279. Worker, female. 

The only nest taken was found in a very damp maple log; the rotting material so fine it could 
be sifted through the fingers. This log lay in a Beech-Maple woods that was quite damp. Only 
the queen and her first brood were collected. 

Componottts herculeanus subsp. Ugniperdua var. noveboracenBls (Pitch). 

Formica novehoracensis Pitch. 1854. N. York State Agric. Soc. 14:52. Worker. 

This ant is not as abundant as C. herculeanus pennsyhanicus but has the same nesting habits 
as the other. Workers, pupae, winged males and females were collected. The winged forms were 
taken July 30. 

CamponotuB caryae (Pitch). 

Formica caryae Fitch. 1855. Trans. N. York State Agric. Soc. 14: 855-859. Worker, female, 
male. 

A black ant separated from the larger Camponotus group by a notch in the middle of the 
anterior border of the clypeus. 

This is not an abundant species and only a few workers have been collected as they wandered 
about on the stems of blackberry canes and beech shoots in open fields. 

Genus Lasius Fabricius 

Ltaius nlger var. neoniger Emery. 

Lasius niger var. neoniger Emery. 1893. Beitr^e zur Kenntniss der nordamerikardschen 
Ameisenfauna. Zool. Jahrb. Syst. 7; 639. Worker, female, male. 

This ant and Lasius niger americanus are the only Lasius varieties that are not strictly 
hypogaeic. Workers are seen above ground in the foliage of trees attending aphids, Lasius 
niger var. neoniger has a preference for sandy soil in which habitat it replaces L. niger var. amer¬ 
icanus in abundance. Occasionally it will nest in a log or stump but for the most part it is found 
in small crater shaped nests in sandy soil, * 

Lasius niger subsp. alienus var. americanus Emery. 

Lasius niger alienus var. americana Emery. 1893. BeitrAge zur Kenntniss der nordamer- 
ikanischen Ameisenfauna. Zool. Jahrb, Syst. 7; 639. Worker, female, male. 

This is the most common ant in the region. Colonies are found nesting under stones, bark, 
in logs and stumps; they may be in ground that is damp or dry, in fields or w(X>ds, thus, showing 
great adaptability to the physical conditions which they encounter. 

This ant is a pest in gardens and fields where it will place aphids on rose bushes, the roots of 
com, etc. Winged forms were collet:ted from late July to the middle of September. 

Lasius flavus subsp. nearcticus Wheder. 

Lasius flavus var. nearcticus Wheeler. 1906. New ants from New England. Psyche. 
13: 38-39. 

One nest was collected and it did not conform to the usual nesting situation of other local¬ 
ities. Usually this ant is found in damp places under stones or leaf mold in well shaded woods. 
The nest collected was found under a flat stone eight by ten inches. The ground was hard, dry 
clay in an open Beech-Mat)le woods. There was no ground vegetation and the only trees were 
sugar-maples and white oaks. Workers and pupae were collected. 

Lasius umhratus subsp. miztut var. aphldicola (Walsh). 

Formica apkidic^ Walsh. 1862. On the geiiera of aphidae found in the United States. 
Proc. Ent. Soc. Philad. 1:310. Worker, male. 

This ant is found nesting in the damp rotten wood of stumps or under rocks located in moist 
places. They most generally inhabit deep Beech-Maple woods; however, they will nest in a 
field if the moisture is sufficient. They are hypogaeic, attending white root aphids. Workers and 
one nest queen were collected. 
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Lasitia (Acanthcunyoiis) clATriger Roger. 

Formica ckmgera Roger, 1362. Einige neue exotieche Ameisefi-Gattimgea und Arteo. BerL 
£nt. Zeltschr. 6; 241-242; 1, fig. 13. Female, 

Two nests of this species were collected, both nests being in stumps of trees that had rotted 
to a condition almost beyond recognition. This rotted punk was damp enough to be molded in 
the hands. The main portion of the nests was found in the center of stumps with Virginia creeper 
growing up through it. On the roots of this plant the ants had placed white aphids. A lemon 
verbena odor is given off by these ants. 

Genus Fonnica Latreille 

Formica aanguinea subsp. aubintegra Emery. 

Formica sanpiinea subsp. rubicunda Emery var. siibinUfra Emery. 1323. Beitr&ge aur 
Kenutfuss der nordlamerikanischen Ameiaenfauna. Zool. Jahrb. Syst. 7: 648, pL 22, 
fig. 3. Worker, female. 

This ant enslaved K fusca var. suhsericae by making forays to capture the young, thus 
making mixed colonies of the two species. The soil is generally clay with sand mixed in with it. 
Workers only were collected. 

Fonnica aanguinea subsp. aubnuda Emery. 

Formica sanguinac sub^. rubicunda Emery var. subnuda Emery. 1825. Beitr^ sur Kennt- 
niss der nordamerikanischen Ameisenfauna. Zool. Jahrb. Syst. 8: 335. WOTker. 

The nests are located at the edge of woods in sunny places. There may be a "bed" of open* 
ings a foot or more in diameter, level with the ground. The soil is generally sandy clay. Grass 
is allowed to grow over the mounds. The nests are generally mixed with F. fusca subsericea which 
the sanguinea’s raid and enslave, 

Formica exaeetoidea Ford. 

Formica exsectoides Ford. 1886. Espices nouvdles de Pourmis Americaines. Ann. Soc. Ent, 
Bdg. 30 C, R. 88. Worker, female. 

These mound builders have nests that may be three feet across and thirty to forty inches 
high. Some mounds in a more sandy soil are only nine inches to a foot in height but are much 
longer than the higher mounds. Openings into the nests are located along the side walls. The 
tops of the mounds are covered with debris of small sticks and vegetable matter. Grass grows 
on the mounds except at the summits. Mounds are built in sunny openings in woods or out in 
fidds. The ants prefer a clay soil. Only three nests were located in the northern part of the 
county where the soil is more sandy and loose. 

Workers from several colonies have been observed attending green aphids on the leaves of 
trees. The workers will attack when the mound is disturbed and are known to bite off the heads 
of other ants. 

Fonnica fusca Linnaeus var, subsericea Say. 

Formica si^sericea Say. 1836. Descr4>tions of new species of North American j^menoptera, 
and observations on some already described. Best Joum. Nat. Hist. 1: 282. Worker, 
female. 

A very common ant, building mounds in clay soil in open sunny places. It is not uncommon 
to find fifteen to a hundred mounds in a half acre fidd. They may grow to be two feet in height 
and three feet in diameter at the base. The openings into the mounds are mostly along the sides 
with some on the top. The tops of the mounds are generally flat, Veg^tion is very abundant 
about the mounds. These ants also nest under stones or have any number of opmings in a 
"bed," levd with the ground. 

The ants not only attend aphids but also eat dead insects. F. fusca subsericea is a timid 
ant, allowing other ante such as Tapinema sessile and Soknopsis molesta to nest with it. It is 
raided by F. sanguinca varieties which capture some workecs* but take pupae mostly. 
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Jormlcft neofagatM Emery. 

F 0 rmicafusca subra. subpMa Mayr var. neo^ytales Emery. 1893. Beitr&ee eur Kenntniss 
der nordamerikaniadien Ameisenfauna. Zool. Jahrb. Syst. 7: 861. Worker, female 
zxiale. 

Two workers of this species were found traveling along the ground at a rapid rate of speed. 
The soil was dry, hard clay in a planted white pine forest. These ants were dodging rapidly 
from one hiding place to another making them difficult to capture. The trees were far enough 
apart to allow sun to shine on the ground. Grass and poison ivy were the principle vegetation. 

Pomiica pallide-folva subsp. nitldiveiitria vor. fuacata Emery. 

Formica fiaUide-Mifa subsp. fuscata Emery. 1893. Beitr4ge xur Kenntniss der nordamer* 
ikamschen Ameisenfatina. Zool. Jahrb. Syst. 7: 656. Worker, female. 

One nest of this species was collected. It was found out in a cut hayheld under an eight inch 
square rock. There was one gallery which went down about a foot and then branched in all 
directions. The soil was a sandy clay that was very dry. The vegetation was blue grass. 

Fonnica palUde-folva subsp. Bchaufuasi var. incarta Emery. 

Formica pallide-fuha Latreille subsp. sckaufussi var. incerta Emery. 1893. BeitiAge zur 
Kenntniss der nordamerikanischen Ameisenfauna. Zool. Jahrb. Syst. 7; 655-656. 
Worker, female, male. 

These ants nest in open fields and at the edge of woods, under stones, or in small craters 
which are difficult to see. The nest has a single opening from which a shaft goes down about a 
foot or more, than branches out in all directions to form chambers deep in the ground. 
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LIFE HISTORY AND HABITS OF THE CICADA KILLER 

IN OHIO 

CHARLES A. DAMBACH and EUGENE GOOD^ 

Soil Conservation Service 

The Cicada Killing Wasp {Spktcius speciosus Drury®) has long been of interest 
to entomologists and of much popular interest to naturalists wherever it occurs. 
Riley 08) in 1893 published in *Tnsect Life** the first account of its life histoty 
and habits. Observations of the writers have revealed a number of inaccuracies in 
this report and omission of essential data. These errors and omissions have been 
repeated by subsequent writers on the subject, particularly Marlatt (12), and 
Smith (20). Certain of these inaccuracies have been corrected, (Davis 5). but as 
yet no complete account of the life history and habits of this insect has appeared. 
For this reason the writers are here attempting to bring together the essential facts 
concerning its life history and habits bas^ on published accounts and their own 
observations. 

Beginning with the summer of 1934, and continuing through 1940, we studied 
the habits of this wasp for a period of a week or more each year during the height 
of its activity. A large part of the data reported on were collected from a colony 
of these insects consisting of several hundred burrows on a 4-H Club Camp site in 
Eden Township, Licking County, Ohio. Many observations have been made, 
however, at other colonies in southern Ohio counties. In addition to our own 
observations those of other interested individuals have been reported to us. 

DESCRIPTION AND DISTRIBUTION 

Due to its large size, general distribution and interesting habits Sphecius speciosus has been 
detj<!ribed in many insect books and needs no further description hesre. Its habit of digging burrows 
and provisioning them with cicadas is the means by which it is usually recognized and has eiimed 
it the name of cicada killer, sand hornet or golden digger-wasp. 

In Ohio, Sphecius speciosus is most abundant jo the southern two-thirds of the state but 
records from as far north as Clevdand in Cuyahoga County and Van Wert in Van Wert County 
have been obtained. Colonies appear to be most numerous in the unglaciated Allegheny Plateau 
and to occur only locally elsewhere. Although complete records are not available it is quite 
probable that it occurs in all of the counties, south of the Lake Erie drainage. Twenty-five of the 
27 counties for which records are available are in this area. 

UFE HISTORY 

Emergence: 

At Dayton, Ohio, during a three-year period (1937-1930), the average date for the emer¬ 
gence of adults from Sphecius larval cases stored over winter in well-drained soil was July 1. 
Specimens stored at room temperature emerged approximately one month earlier. The adults 
made a nearly perpendicular tunnel to the surface in completing their emergence. 

It is interesting to note that the emergence date of Sphecius closely approximates that of 
its prey, as was indicated by the concurrent appearance of cicadas at Dayton, Ohio, in 1939 
and 1940. As noted later, however, Sphecius does not begin to prey upon cicadas until several 
weeks after its emergence. 

'Acknowledgements: The writers have been aided in this study by many workers. In 
addition to those specifically mentioned in the text acknowledgment is made to Mr. Edward S, 
Thomas, curator of natural history of the Ohio State Museum, Mr. Joseph N. Knull, curator of 
the Ohio State University insect collection and Mr. Ralph Dury, curator of the Cincinnati 
Muwm of Natural History, for permission to examine specimens of Sphecius speciosus and 
Tibicen sp. in their respective museums. 

•Order Hymenoptera, family Sphecidae, sub-family Bembicinae, tribe Nyssonini. 
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Feeding and Mating: 

The activity of the cicada killer immediately after emergence is apparently not well known. 
Recent observations only substantiated those of other observers who report that during this, 
period adults feed upon the exudations of various trees including willows, oaks, sycamores, and 
the flowers of compositae and other plants. 

Mating activity occurs concurrently with feeding and may take place far from where bur¬ 
rows are later established, Davis (6). Marked specimens released at Dayton, Ohio, from June 25 
to July 3, 1939, were not again observed for at least two weeks. Shortly after their reappearance 
the excavation of burrows was begun. 

Mating has been observed to take place in the air by a number of observers, Davis (6), 
Denton (7), Manee (11), and the authors. Males perch on exposed vegetation and pursue females 
which come near. When mating does occur the pair often drop to the ground together but recover 
quickly. Females have been observed similarly to pursue members of their own sex which makes 
it difficult to determine if mating is actually taking place. J. W. Sites, however, in conversation, 
has reported observing a pair of cicada killers quietly copulating while resting on a tall weed in 
a field near Zanesville, Ohio, July 29, 1940. This pair was so quiet that he was able to capture 
them easily. 

Sex Ratio: 

Of 25 adults emerging from stored larval cases, 16 were males and 10 females. Seven spec¬ 
imens collected in Muskingum County were females and of the specimens at the Ohio State 
University and the Ohio State Museum 29 are males and 37 are females. Denton (7), records 
obtaining 13 females and 7 males from a group of 20 specimens he collected from a colony on 
August 2, 1930, at Robbinsville, North Carolina. These collections, totaling 128 specimens, 
indicate a sex ratio of 70 females to 48 males, or 69.3 pex cent females to 40.7 per cent maW. 
During the height of Sphecius activity, however, males are seldom observed. 

and twovisioning of burrows begins in mid-July and reaches a peak of activity the 
first two weeks in August. A marked Sphecius released at Dayton on July 3, 1939, was observed 
cruising back and forth along a lawn terrace on July 17 an^ b^an excavating there on July 22. 
Usually by the first of August there is considerable digging and provisioning of burrows in 
Sphecius colonies. Although they have been observed to be abundant as early as July 4, at the 
Eden Township colony in Licking County, their burrows have not appeared in large numbers 
there until some weeks later. 

location and Description of Colonies: 

With few exceptions cicada killer colonies are located in well-drained, light-textured soil, in 
full sunlight where vegetation is scant or absent. Included in the list of sites studied in Ohio ore 
such locations as: tree seedling and lining out beds at the Marietta and Zanesville tree nurseries, 
greenhouse fiat boxes at Zanesville, a cinder roadbed at Zanesville, tennis courts on the Ohio 
State University campus, a school yard at Rocky River, a new earth fill in a city yard at Dayton, 
a formal garden surrounded by a concrete platform at a railroad station at Cambridge, a tobacco 
field in Clermont County, and frequently in lawns, over-grazed pastures, and old fields in the 
southern part of the state. 

Size of colonies studied varied from one of two burrows to one of 373. The latter colony is 
definitely known to be at least 9 years old and is probably much older. Jt occupies an area of 
approximately one acre of thin pasture. The area occupied is variable and does not seem to be 
limited by the number of burrows. The distance between burrows ranges from a little more than 
one foot to 16 feet or more. Burrows in the large colony studied were grouped in units where 
they averaged 6.9 per 100 square feet. 

of Buerows: 

Digging of burrows begins before mating activity ceases in the colony and continues through* 
out the summer until late August, The cicada killer accomplishes excavation by using the mouth 
parts to dislodge soil and other particles and to cut through roots of plants. The material so 
removed is pushed under the wasp's body by the fore legs and after a small amount accumulates 
it is kicked out behind in much the manner employal by a dog. As digging progresses beyond 
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the point where this method is effective the soil is dragged to the surface by the forelegs or is 
pushed out with the head. The accumulated pile of soil outside the burrow is kept away from the 
opening and a neat U-shaped entrance to the burrow is mamtained. (Pig. 1). 

The buTToWf when in readiness for the first cicada, is dug usually to a depth of 6 to 10 inches. 
It measures approximately one-half inch in diameter and from 12 to 18 inches in length from the 
entrance to its terminus where the first cell is excavated. The rate at which digging progresses 
probably varies with the soil condition. The rate of digging observed in a wdl-packed, clay fill 
at Dayton, Ohio, gives some indication of the cicada killer's digging ability. In this case a 
tunnel was dug out ready for the first cicada between 2 P. M., July 21, and sometime prior to 
8 A. M. July 22. Approximately one-half pint of soil was removed during this period. 

Cells in which cicadas are stored are broadly egg-shaped with the long axis in the horizontal 
plane and perpendicular to the tunnel. Th^ measure approximatdy 2 Inches deep, IVi inches 
wide, and slightly over an inch high. The walls of the cdls are smoothly shaped and no loose 
dirt is left on the cell floor. Shaping of the cdl is probably accomplished with the same tools as 
used in excavating the burrows. 

Generally, after a cell has been provisioned with a cicada or cicadas, and an egg laid on one 
of them, it is plugged with a thin wall of earth and a new cell made immediately in front of it. 
As many as four provisioned cells have been found in one such series. After a cell or smes of cells 
is completely provisioned a new lateral off the main tunnel is excavated and the process repeated. 
The number of cells fitted per burrow varies considerably but was found to average 15.8. 

Hunting and Provisioning Burrows: 

The Cicada Killer, like other solitary wasps, Peckham (15)| makes no effort to obtain its 
prey until a cell has been made ready for it. Attempts to alter this habit by placing a healthy 
cicada at or near the burrow entrance during the digging of the tunnel proved unsuccessful. 
Equally unsuccessful were attempts to entice Sphecius to attack cicadas tethered with a thread 
and permitted to fly about their colonies while they were actively working and flying around. 

Sometimes before leaving the vicinity of its burrow a wasp would circle around it several 
times before departing in the direction from which it later returned with a captured cicada. 
Equally often, however, no preliminary maneuvers were engaged in, the Sphecius simply flying 
directly toward its hunting territory, or if windy, heading first into the wind and, after gaining 
a height of 10 to 15 feet, flying in the desired direction. 

In hunting, the wasp approaches a tree or shrub and slowly circles cloady about the trunk, 
graduaUy working its way up through the limbs and branches. It sometimes alights on the 
bark and continues the search on foot. 

The method of attacking cicadas when located has been ably described by Mr. Conrad Roth 
of Portsmouth, Ohio, (in a letter of August 23,1939) who witnessed a capture of Tibken prrdnosa 
at close range. “The wasp darted backward and forward in front of the cicada several times 
meanwhile bending the tip of the abdomen downward and forward. It then hit the cicada 
viciously and injected the sting between the abdominal segments. The cicada buzzed shrilly and 
immediately ceased struggling. The wasp managed to hold its prey to the limb of the tree and 
pulled it up on the top side of the limb. After this effort the wasp turned the cicada over on its 
back, straddled it, grasped the body firmly and flew off with the burden toward a Sphecius 
burrow." 

In carrying its prey, Sphecius has always been observed to hold it firmly in an inverted 
position by locking its middle pair of legs about the neck between the eyes and the pronotum, 
(Pig. 2). Early writers, Riley (18), Smith (20), Marlatt (12), figured Sphecius dragging a cicada 
right side up. This error was corrected, however, by Davis (5). 

Reports have been received indicating that a Sphecius sometimes takes its pr«y while m full 
flight. J. N. Knull, in conversation, reported one such capture which he witnessed at Cape 
Henry, New Jersey. In this instance the wasp hit the cicada while in flight and tumbled to the 
ground with it. Whether it stung its prey while in the ak or after striking the ground was not 
observed. That this is not the usual method of attack, however, is evident ftxwn the apparent 
safety enjoyed by cicadas observed flying to and from trees 10 to 25 feet in height while cicada 
killers were busy searching the lower limbs in the usual methodical manner. It is quite likdy, 
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1. A colony ©t burrows along a cinder roadway. 

2. An adult female wasp with a captured cicada. 

3. A male and female cicada (TiWeea lyricen en^el.) stored in a cavity. 

4. Egg of wasp on captured cicada, 

6. Nearly full grown larva feeding on cicada. 

6. Barthen case in which larva overwinters and completes life cycle. 
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however, that should a cicada attempt e^scape by flight after being located, pursuit and probably 
capture would result. 

The captured cicada is carried in flight to the burrow entranc-e from distances sometimes in 
excess of 100 yards. Usually flight terminates at or within a few inches of the entrance and the 
cicada is then speedily carried down the tunnel. Less successful landings in grass or other veg¬ 
etation frequently result in abandonment of the prey as the struggle to drag the burden to the 
burrow becomes too great. Davis (4), reported an observation by Morse of Sphecius dragging 
its prey up a maple tree and taking off from a high point after an unsuccessful struggle to reach 
its burrow through grass on the ground. Similar observations have been recorded by Davis (5), 
and Manee (11). 

Cicadas are placed in the cells on their backs with their heads directed away from the open 
side (Pig. 3). When more than one cicada is placed in a cell they are laid side by side and all in 
the same diret'tion. The number of cicadas stored per cell varies between 1 and 3 and 
averages 1.3. 

Species of cicadas stored in burrows usually were those common in the vicinity of the col¬ 
onies. Their relative abundance was about proportional to that noted from the number of males 
of each species heard in the immediate vicinity. Table I lists the species taken from colonies, by 
habitats, for which definite determinations have been made by W. T. Davis. In addition to these 
species, records of the following have been obtained: Tibicen robtnsoniana taken from a cicada 
killer in Adams County, Ohio, August 11, 1935, by Conrad Roth and Edward S. Thomas; T. 
marginalis reported being carried by Sphecius up a telephone fx>le by Manee (U); and Sphe('ius 
hunting in willows in which T. marginalis were abundant, reported from Butler County in 1937 
by E. E. Good. Davis (5), believed that T. auleles is taken also but no records have been found 
to substantiate his belief. Riley (8), reported the taking of T. pruinosa as has also Mr. Conrad 
Roth of Portsmouth, Ohio. Viereck (22) records it as preying on T dorsata, 1\ iibicen, and T. 
marginatu based on records by Ashmeod. 

Probably all of the cicadas with arboreal habits occurring within the range and active season 
of Sphecius are taken to some extent. Okamga rimosa and the 17-year cicadas, Magictcada 
septendecim (Lin.), and M. cassini Fisher, and Melampsalta calliope, are too early in their appear¬ 
ance to be taken by Sphecius in Ohio. With the exception of possible stragglers their season is 
usually over two or more weeks before active hunting by Sphecius begins. Museum records of 
Magictcada in Ohio, for instance, range from May 26 to June 28. 

The .sex ratio of cicadas stored in burrows is greatly in favor of females. Of 703 Sphecius 
captured cicadas exiimined but 204 were males giving a sex ratio of 7 females to 3 males. Davis 
(5), noted this and in so doing called attention to the erroneous idea prevalent among naturalists 
that Sphecius secures its prey by hunting only singing males. The disproportionate sex ratio 
may be due to the greater susceptibility of females to the hunting system employed by the wasp. 
Male cicadas are probably more readily disturbed than are ovipositing females. 

laying of Eggs and Development of Larvae: 

Only one ^g is laid per cell irrespective of the number of cicadas it contains. Eggs are 
cylindrical or cigar shaped, transulcent, greenish-white in color and measure from 3 to 6 milli¬ 
meters in length. The egg is i>laced lengthwise snugly under the femur of one of the middle pair 
of legs, (Fig. 4). 

Eggs found on cicadas in the last completed cells in a number of burrows hatched within 
24 to 36 hours. Presumably they were only a few hours old as wasps had been observed a short 
time previously to enter the burrows with cicadas. The newly-hatched larvae began feeding by 
inserting their mouthparts into the body cavity of the host at the base of a mesothoracic coxal 
plate. (Fig. 5). As the larva grew its feeding was transferred to the base of each of the remaining 
coxal plates until nothing remained of the cicada but a skeleton, When more than one cicada was 
available feeding was continued in the same manner on the second or third specimen. 

Growth of the larvae is very rapid. One specimen which hatched prior to 8 A. M. August 
26, 1639, had attained a length of 1.6 centimeters 48 hours later, and had completely oaten the 
body contents of the cicada on which it was feeding in 82 hours. At that time it measured 2,8 
centimeters in length when quiet and 3.2 centimeters when extended in feeding. After feeding 
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briefly at the base of one coxal plate of another cicada it became restless and crawled around for 
sev^eral hours. By 8 A. M, September 2, 1939, 14 hours later, it had begun to spin a larval case 
consisting of a very open framework of thin fibres By 5 P. M. of the same day a thin, silken- 
Iike, cylinder-shaped case had been woven which was open at lyith ends. The larva could easily 
be observed through this case as it seemingly shellacked the inner surface with a gelatinous sub¬ 
stance applied by the mouth parts The larva was observed virtually to crawl over itself in the 
cramped quarters of the larval case as it applied the finishing touches to the interior. After the 
open cylinder was apparently completed the ends were spun and sealed shut 

The completed larval case was broadly spindle shaped (Pig. 6), mea.suring 4.4 centimeters 
m length and about 1.5 centimeters m diameter. Both ends of larval cases are truncated with 
one noticeably larger than the other. Near the center of the cases a narrow band of outwardly 
opening i^ores occurs. The number of pores present in a senes of 25 cases varied between 6 and 14 
with an average of 10. The exact function of these pores is not known but presumably they 
represent some sort of respiratory or moisture regulating mechanism. 

As the case hardens it becomes earthen^brown, stiff, and capable of withstanding reasonable 
handling. Soaking in water at room temperature for a half hour did not seem to weaken the rases 
nor to injure their occupants. Storage of the cases under very moist conditions for several 
months, however, made them soft, whereas storage in dry sand for the same length of time caused 
them to bet'ome very hard and brittle. 

The number of cicadas placed in each cell as food has a direct effect on the size of the larval 
cases and may have some effec't on sex, CUiusen (3). In one senes of observations 47 cells con¬ 
taining small or medium sized larval cases were found to be provisioned with but one cicada. 
Cells containing large larval cases in the same set of observations were found to have been pro¬ 
visioned with 2 cicadas m 19 cells and with 3 ricadiis in 5 cells Only 2 large larval cases were 
found with single cicadas and each of these had a large female T, lyruen. The average length of 
135 larval cases was 3.2 cm. and average width at the widest point was 1.1 cm. The smallest 
larval case found measured 2.1 cm. in length and 7 cm in diameter. The largest specimen 
found was 4.7 cm. m length and 1.6 cm. in diameter. 

Soon after the case is completed the larvae shrink in slz 2 and the skin appears leathery as 
(contrasted to its thin translucent appearanc'e during feeding, (Pig 5). The larvae remain in this 
quiescent stage over winter and begin pupation about one month before emergence, or the latter 
part of May. Earliest date of pupation of specimens stored out of doors at Dayton in 1939 was 
May 25. By the first of June all of the appnjximately 25 larval cases so stored contained 
well-developed pupae. 

The waning of the cicada population in early September mark.s the end of the active adult 
cicada killer’s life. By early September few adults can be found and before the first frost they 
are usually absent in the vicinity of colonies. Apparently neither sex overwintcr.s in the adult 
stage. The life span of adults is remarkably long for such busy insects, covering approximately 
65 days, if the dates July 1 and September 1 are considered mean first and last dates. 

Since adults are known to feed only for u short time during the mating period the food assim¬ 
ilated must be used with a very high degree of efficiency to permit their tremendous energy output 
during the active adult life span. 

An approximatiem of the life history of Sphecius by time intervals has been computed from 
the data assembled and is about as follows: 


Egg.:,. .24-48 hours—Late July through August. 

Larva.4-10 days feeding—Late July through August. 

270-310 days quiescent—Late July to June 1. 

Pupa.26-30 days—^June 1 to July 1. 

Adult—60-70 days—July 1 to mid-September. 


BEHAVIOk 

In size and apparent aggressiveness the cicada killer appears to be one of the most formidable 
of North American wasps. It is, however, unexpectedly docile. In the course of this gtudy, 
specimens have been removed from burrows with forceps, banded with colored tharead, and 
released. Others have been knocked to the ground or brushed from captured cicadas with the 
bare hands. These and other forms of disturbance have never occasioned even a threatened 
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attack. As has been r^>orted by other observers, however, upon entering a cokmy, an intruder 
is sometimes approached in a businesslike manner but with no actual attack resulting. 

That Sphedus can and will sting has never been doubted. This was ably demonstrated to 
one of the writers by a large specimen during capture. The sting penetrated the fle^ close to the 
tip of his right index finger. An initial sharp pain was followed by numbness, a alight swelling, 
and stiffness which lasted for about a week. 

Throughout the summer and during mating activity, the male Sphecius is very aggressive 
and vigorously pursues various insects and even inanimate objects tossed near his perch, as well 
as females of the species. In one instance a Sphecius was observed to chase an EngH^ sparrow 
which chanced to By within 25 feet of his perch. There are some indications that a rather well- 
defined territory is established by the male, within which all intruders are investigated in a 
vigorous manner. This territory may well represent the visual limits exciting response in this 
insect. These guarding activities are not confined to the males, however, as large females have 
been observed to exhibit somewhat similar behavior. 

SOaAL AND SOLITARY HABITS 

The cicada killers are generally considered to be solitary wasps. Nevertheless, they exhibit 
certain traits of the social insects that are of particular interest. The most obvious of these is 
their habit of living in colonies made up of individual burrows. 

On some occasions more than one female will utilize the same burrow. At the colony in 
Licking County a marked female was observed freely to enter and leave within a few minutes 
four different burrows, which were being used by unmarked females. Upon occasion two females 
have been observed to pass at a burrow entrance, one leaving and the other entering. No show 
of antagonism was apparent between them. In the same colony 2 females, each in a different 
cell within the same burrow and each with a cicada on which an egg had been laid, were found 
August 13, 1940, when one of the writers and Robert Paton were digging out the burrow. On 
the same date we were able to transfer dcada-laden wasps from the burrow entrance, where they 
landed, to nearby burrows. When this was done the new burrows were entered immediatdy. 
A similar observation was made at the same colony in 1038. 

Smith (19), in reporting on a colony of approxunately 50 burrows in Philadelphia, Pennsyl¬ 
vania, said that 40 or more individuals were removed without making a noticeaUe decrease in 
the number of individuals flying about. Since the sex ratio probably slightly favors females it is 
apparent that in this colony there must liave been many more females than there were bcorows. 

Observations made to date have not made clear bow frequently these apparently sodal habits 
occur. It would appear, however, that the habits of this Insect are not strictly solitary. 

MORTAUTY 

After larval cases have been formed, losses of Sphedus from natural causes are apparently very 
low during the normal life span. Losses, however, are very high between the time the eggs are 
laid and the larval cases ore formed. Of 525 cdls examined only 201, or 38.28 per cent, con¬ 
tained sound larval cases. The remaining number contained often untouched dcadas, which 
were frequently covered with mdd* 

The high mortality is probably due to a number of causes of which only one has been def- 
initdy determined. A secondary host rdotionihip was discovered daring 1939 between certain 
flies and Sphedus. Sorcophagid flies observed resting on a mound of earth outside a Sphedus 
burrow at Cambridge, Ohio, July, 1939, arouse4 interest in the possibility ci such a rdatkmship. 
Opportunity to investigate was not afforded, however, until similar observations were made In 
Clermont County, Ohio, in late August of the same year. Subsequent examinatton of 10 bur¬ 
rows at this location yidded records of one or more cells containing larvae of diptera in 
the stored dcadas in all but one burrow. Larvae were found in stages of development ranging 
from newly-hatched maggot clusters to fully-developed puparia* 

In some cases both Diptera and the ^hedus larva feeding on the same dcada. It ia 
evident, from observations made on infested dcadas to which a live Sphedus was stfll attached, 
that the fly maggots consumed the available food supply before ^^hedus secured sufiSdent food 
to complete its development. The smallest number of fly lame found in a doada was 16 and the 
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greatest 27. These larvae, when ready to pupate, ranged fromi .9 to 1.1 centimeters in length. 
In the 10 burrows excavated, 87 cells containing cicadas were found. Of theae, 26 contained 
healthy appearing Sphecius larvae, 10 contained cicadas infested with fly larvae, two td which 
had dead Sphecius larvae still present. The remaining 51 cells contained only dead and often 
decomposed cicadas. In one burrow containing 9 cells at Washington, Indiana, 2 cells contained 
healthy Sphecius, one contained cicada and fly larvae and the remaining cells contained only 
dead cicadas. 

One adult fly was captured as it rested on a pile of earth excavated from a burrow. Another 
was captured in a cell containing diptera puparia and 4 additional adults were obtained from 
puparia collected. The first two specimens and two the latter 4 were sent to Mr. David G. Hall 
of the U. S. National Museum. Mr. Hall’s determinations are as follows: 

Metopia leucocephah (Rossi), SarcophagUae —2. 

Zyiobotkria sp. (probably incompta V. d. w.) Tackinidae —1. 

Chaetopiagia atripennis Coq.— Tachinida* —1. 

Mr. HaU stated that the two species of Tachinidae are not known to have any connection 
with fossorial wasps but that the Sarcophagid is a common parasite of these insects. 

In view of the indeterminate status of the flies, further study is needed before more data can 
be presented. It is sufficient for the present to call attention to the records of their relationship 
to Sphedris survival. 


ECONOMIC IMPORTANCE 

The cicada-killer has slight economic importance. In the southern part of 
the state it has been considered a pest in city lawns, gardens, nurseries, green¬ 
houses, and golf courses. In lawns and on golf courses the unsightly piles of earth 
removed from the burrows are considered objectionable. In gardens, nurseries, 
and greenhouses, burrows are sometimes made so close to plants that death to the 
plant ensues. In nurseries the earth removed from burrows when placed on young 
seedlings is often deeper than the plant can stand ^d death results. In addition, 
colonies of this formidable appearing wasp around city homes and playgrounds 
cause no little fear to the uninitiated. 

In no case has the actual damage reported been of much economic importance. 
Most of its importance in this respect is properly listed as a nuisance factor. 
Smith (19), r^x}^ complete control of a colony of Sphecius by placing a teaspoonful 
of calcium cyanide at the entrance of each burrow. Blake Hanan reported, in 
conversation, that a colony established in a schodya^ at Rocky River, Ohio, was 
eliminated by a liberal application of old machine oil. 

Both of these methods have objectionable features: The first because of the 
poison hazard; and, the second because of its deleterious effect on vegetation and 
unsightly appearance. It would seem that, where feasible, h^uent watering and 
aiding v^fetation to grow thickly by means of lime and fertilizer implications, if 
necessary for one or two seasons, wo^d prove an effective control measure because 
a Well-drained soil and scant or no ve^tation are two requisites of a successful 
Sphecius colony. 

The major beneficial habit of this wasp is its destruction of cicadas. Although 
the cicadas taken by ^hecius do not reach serious economic importance in this 
state, they are a destructive insect. That Sphecius can materially effect the pop¬ 
ulation of cicadas M evident from the number of cicadas stor^ in individual 
colonies. In one colony of 373 burrows studied in 1937-38 in Licking County, an 
.average of %.4 cicadas per burrow were found in 13 carefully excavated burrows 
sdectra at random, after provisioni^ had ceased. On this basis the number of 
cicadas stored in burrows in the entire colony during 1937 numbered 11,339. The 
area from Which they were taken is not known but since most of the species present 
were T, lyriem engAhtirdH, which occurs ccnnmonly in oak-chestnut forests, they 
presumably came from forest of this type in the vicinity of the colony. The total 
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amount of this type of forest within a quarter of a mile radius of the colony is 
estimated to be considerably less than 50 acres. 

Burial of such large numbers of cicadas over a period of years in a limited area 
has had a noticeable effect on soil conditions. TTie most evident effect is the 
incorporation of organic matter in the soil due to the decomposition of the stored 
cicadas. Loosening of the soil due to digging of burrows and cavities by the adult 

TABLE I 

Cicadas Collected bv Habitat and Species 


Species of Cicada bv Number and Sex 


Date 

AND 

Localm V 

Type of Site 

AND 

Vegetation 

Txamcularis 

1 

T.chloromera 

r. 

Itnnei 

T. lyricen 
engel. 



cf 

9 


9 

d' 

9 

d 

9 

Muskingum 

Co., Ohio. 
8-14 34 

Abandoned crop field 

1 near old field associa* 
tion and IfiO yards 
from oak hickory 
woods. 


3 

1 

4 

0 

1 

0 

Eden Twp., 
Licking Co., 
Ohio, 

Aug., 1937 

Closely grazed pasture 
adjacent to oak- 
chestnut forest and 
old fields. 

3 

0 


8 

6 

5 

21 

Glen Este, 
Clermont Co., 
Ohio. 

8 27-39 

Old field—partly grown ! 
up with elm, beech-, 
maple woods within 
160 yards. j 

1 


4 

16 

1 

0 

0 

2 

Washington, 

Indiana. 

9-21 39 

.1 

Nursery—sandy soil 100 i 
yards from old fields;! 
200 yards from oak- 
hickory woods. 1 


0 

8 

0 

1 


Dayton, Ohio. 
8-30-38 

New fill—edge of city ■ 
limits with many | 
abandoned fields 
within 100 yards. 



0 

6 


Totals 

! 

3 

0 

7 

24 1 

13 

12 

6 

23 


Totals—old field asso¬ 
ciation. 1 


7 

24 

6 

7 

1 

2 

1 

1 

Totals—-Oak Hickory i 
Chestnut association. 

1 

8 

0 


8 

5 

5 

21 


wasp is also apparent. Local as these effects are they indicate how myriads of 
other invertebrates, over a long period of time, have probably added to the 
formation of vitally important top soil. 

To the students of the Cicadidae, Sphecius is a valuable ally. By observing the 
cicada-collecting habits of this insect much can be learned of the distribution and 
relative abundance of cicadas. It is possible also, to easily obtain specimens of 
cicadas in good condition by interesting the burdened wasps as they return to 
their burrows. Mr. Conrad Roth reports successfully collecting cicadas by plug- 
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ging Sphecius burrows in the morning and returning later in the day to pick up 
specimens left by the returning wasps when they found their burrows plugged. 
Colonizing of Sphecius in localities where cicada-collecting is desired promises a 
unique method of collecting. An attempt to establish a colony by storing larval 
cases in a likely place met with moderate success when tried at Dayton, Ohio, in 
1939. Of several females released, one established a burrow within a few yards of 
the place where the larval cases were stored. 

LITERATURE CITED 

(1) Champlain, A. B. Hunters of the treetops wherein the Cicada-killers do t}ieir stuff. Nature 

Mag, 14: 176, Sept., 1929. 

(2) Clark, A. H. Potent personalities—Wasps and hornets. Nat. Geo. Mag., July, 1937. 

(3) Clausen, C, P, Effect of host size upon sex ratio of hymenopterous parasites and its rela¬ 

tion to methods of rearing and colonization. Journ. New York Ent, Soc. 47(1), 1-9, 1939. 

(4) Davis, W. T. Notes of habits of the larger digger wasp. Canad. Ent. pp. 10-11, Jan., 1891. 

(5) Davis, W. T, Mating habits of Sphecius speciosus, the Cicada killing wasp. Bull. Brook. 

Ent. Soc. 16: 12^-129. 1920. 

(6) Davis, W. T. Cicada killing wasps and flies. Journ. New York Ent. Soc. 32; 113. 1924. 

(7) Denton, S. B. Habits of the Cicada-killer. Bull. Brook. Ent. Soc. 26; 35. 1931. 

(8) Felt, E. P. Notes on the Cicada-killer. New York State Museum Memoir 8, 603. 1906. 

(9) Hungerford, H. B., and Williams, F. X. Biological notes on some Kansas hymenoptera. 

Ent. News. 23: pp. 241-260, 1912. 

(10) Leonard, M. D. Insects of New York Cornell Univ. Agr. Exp. Sta. Memoir 101. 

Issued 1928. 

(11) Manee, A. H. Notes on Cicada-killer. Ent. News 26: 266. 1915. 

(12) Marlatt, C. L. The larger digger wasp. U. S. Bull. Bur. of Ent. 71: 132. 1907. 

(13) Packard, A. S. Description of Sphecius speciosus, Proc. of Ent. Soc. of Philadelphia, 

6. p. 442. 

(14) Peckham, G. W. and E. G. Duration of memory in wasps, Amer. Nat. 21: pp. 1038“1040. 

1887. 

(15) Peckham, G. W. and E. G. On instincts and habits of the solitary wasps. Bull. Wise. 

Geol. and Natl. Hist. Surv. No. 2, 246 pp. 1898. 

(16) Peckham, G. W. Wasps solitary and social. Houghton, Mifflin and Co. Boston and 

N. Y. 1905. 

(17) Rau, Phil. Wasp studies afield. Princeton Univ. Pr^s. Princeton, 1918. 

(18) Riley, C. V. The larger digger wasp. Insect life. 4: pp. 248-252. 7 figs. 1893. 

(19) Smith, Floyd F. Note on damage to formal garden by cicada-killer. Jr. Ec. Ent. 18: 

836. 1925. 

(20) Smith, T. B. Insects of New Jersey. New Jersey State Board of Agr. 1899. 

(21) Smith, J. B. Notes on some digger wasps. Jour. New York Ent. Soc 9: pp. 29 -40, 52-72. 

3 pis. 3 figs. 1901. 

(22) Viereck, MacGUlivray, Brues, et al. Hymenoptera of Connecticut. State Geol. and Nat. 

Hist. vSurv. 1916. 

(23) Vicreck, R. L. Hymenoptera in N, Y. State Museum. N. Y. State Museum Bull. 274. 

1928. 


Visual Mechanisms 

This volume is the collected papers of The Symposium on Visi^al Mechanisms on the occasion 
of the Fiftieth Anniversary Celebration of the University of Chicago, S^tember, 1941. The 
dozen papers represent almost as many different research interests and fields of investigation 
in vision. Eight of the papers were presented at the Symposium. Four others were added to 
the Volume by invitation. 

Almost any student of vision will find some important and stimulating paper in the list: 
Hecht on Energy Relations; Krause on the Chemistry of Visual Purple; Wald on the Vitamins A: 
GeHhom on Anoxia; Bartley, Neurophysiology of the Optic Pathway; Case, Alpha Waves and 
Structures; Marshall and Talbot, The General Thwy of Sensoiw Acuity; v. Bonin, Garol and 
McCulloch, Functional Orranization of the Occipital Lobe; Polyak, Anatomy of the Retina; 
Walls, Visual Cells and TheSr History; Kltiver, Functions of the Geniculo-Striate System; I^shlejf, 
Cerebral Organization in Vision. Every student of vision should acquaint himself with this 
volume, or course some important investigators are absent from the Symposium and could 
not supply papers, notes the Editor. To hold such n Symposium and to print this volume in 
wartime is an achievement. The visual literature is richer for it .—Samuel Renshaw> 

Biok^cal SyntpoBift. Vol. VII (1942) Visual Mechanisms. Ed. by Heinrich Klflver. 
Jacques Cattell Press, Lancaster, Pa. viil-h322 pp*, $8.25 list. 



A NEW CHRYSOBOTHRIS (BUPRESTIDAE: COLEOPTERA) 


J. N, KNULL 
The Ohio State University 

Chiyiobotliris jwngrindeEae n. sp. 

Afo/f.—Broadly elongate, convex above, dark bronzy brown; front and antennae brilliant 
green, moderately pubescent throughout. 

Head convex; surface lacking callosities or carina, densely coarsely punctured; clypeus deeply 
emarginate; antennae short, third s^ment riightly longer than fourth, outer joints wider than long. 

Pronotum wider than long, subequal in width at base and apex, widest back of middle; sides 
broadly rounded; anterior margin sinuate, median lobe broadly rounded; basal margin emar¬ 
ginate each side, median lobe acutely rounded; disk convex, lacking depressions and callosities; 
surface coarsely punctured, punctures larger than those on head. Scutellum triangular, glabrous. 



Chrysobo^iris paragriHdeliae n. sp. 

1, Dorsal view male genitalia. 2, Ventral view male genitalia. 3, Clypeus. 

4, Anterior tibia. 5, Last visible abdominal stemite. 

Elytra wider than widest part of pronotum; sides subparallel to back of middle, then broadly^ 
rounded to rounded apices; lateral margins serrulate posteriorly; disk convex, basal depressiona 
deep, humeral depressions shallow; surface densely soabrously punctate; each elytron with two 
indistinct costae and two foveae. 

Abdomen beneath coarsdy punctate, each sUmite with a smooth oalloaity on each side atong 
lateral margin; last visible stemite deeply emarginate, lateral margins not serrate. Prostemum 
with a short broadly rounded lobe in front. Anterior femur with an acute tooth, dentate oa 
outer margin. Anterior tibia arcuate, with obtuse tooth near apex; middle and posterior 
tibiae straight. 

Length—6.2 mm,; width 2 mm. 

Described from one male specimen collected at Oak Grove, Calif., June 2, 1241, by D. J. 
and J. N. Knull, in the collection of the writer. 

According to Fisher's arrangement^ of the genus this spedes djould oome after C. grinddiae 
Van D. The structure of the genttalia will separate it from Ihe closely related spedes. 


a Pisber, U. S. D. A. Misc. Pub, 470, pp* 1-274, im 
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TRANSPIRATION IN AMERICAN HOLLY IN RELATION 
TO LEAF STRUCTURE 


C. A. SWANSON» 

Although the structural leaf type represented by that of American holly {Ilex 
ofaca Ait.) is often regarded as an adaptation to xeric conditions, this species of 
holly, throughout its native range, occurs most frequently in swamps, stream 
banks, moist woods, and other similarly mesic to hydro-mesic habitats. It appears 
that American holly, despite its heavily cuticled and coriaceous leaf, is not a 
drought-enduring species. 

Preliminary e:q)eriments made by the writer a number of years ago on potted 
holly plants are also indicative of a low degree of drought-endurance in this species. 
When drought conditions were simulated in a green house by not adding water 
to the soil, the holly leaves soon died, becoming brittle-dry. It was noted that 
the ordinary yellow coleus, with its thin, parenchjmiatous leaves, would often 
survive a considerably longer period of soil desiccation than holly. 

Interest was therefore aroused in studjring further the water relations of 
American holly under carefully controlled conditions. Since relatively little 
experimental work has been done on the influence of structural differences in leaves 
on transpiration rates, the present investigation has been concerned mainly with 
this phase of the problem. 


MATERIALS AND METHODS 

Three series of experiments were carried out, involving different comparative 
materials and methods. 

Series I. Potted plants of American holly {Ilex opaca) and tobacco {NicoHana 
tabacum var. White Burley), 15-20 inches and 0-12*inches high respectively, were 
used in this series of experiments. Comparative records of water-loss in these 
^lecies were obtained on an automatic transpirometer described by Transeau 
(1911), and the results calculated in terms of grams of water lost per square deci¬ 
meter of lower leaf surface. The apparatus and plants were mounted on a slowly 
rotating table which completed one revolution in about two minutes. The pots 
were sealed in metal jackets, and provided with stoppered tubes for periodic 
watering and aeration of the soil. 

Series II. American holly and yellow coleus {Coleus blumeii) were compared 
in this series. By potting the plants in known weights of soil of known moisture 
content (30% saturation), and periodically restoring to original weight, a more 
preciK control over the factor of soil water content was effected. The method of 
experimentation was otherwise essentially the same as in Series I, except that 
oiuy the cumulative water-loss day was determined. 

Series III. In order to eliminate the effect of stem and root conducting s 3 rstems 
on the rate of water-loss, the experiments of Series I and II were supplemented by 
a number of studies using single leaves or small duxits, the cut ends being immersed 
in water, and necessary precautions taken to safeguard against evaporation from 
the free water surfaces. The plant parts were cut under water, placed in the 
containers, and allowed to stand for several hours under a bell-jar, in order to 
msure an ^uilibrated internal water balance before making the initial weighing. 
To maintain tmiform environmental conditions, the cuttings were mounted on a 
slowly rotating table during the course of each experiment in the greenhouse. 
By t^ method, the observed water-loss is more nearly a function of leaf structure. 


‘Paper from the Depaittnent of Botany, The Ohk> State University, No. 462. 
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RESULTS AND DISCUSSION 

Data arc tabulated in Table I to show the comparative leaf structure of holly, 
colevis, and tobacco. The value R is the ratio of internal to external exposed 
surface of the leaves, and was calculated by TurrelVs method (1936). In Tabic II 
the data of experiments in Series I and II, are summarized and the average rates 
of water-loss expressed in terms of per cent relative to holly. The variability of 
data obtained in Series Ill precludes a concise summation of the results, but data 
for three representative experiments arc given in Table III. 

It is evident from the data in Tabic II that the rate of water-loss in American 
holly was on the average higher than in either yellow coleus or tobacco. These 

TABLE I 

Comparative Leak Structure 


Species 

T<jtal 
Thickness 
OF Leaf 

Stomates / sq. mm. 

Thickness 

OF 

Cuticle 

R 

Upper 

Lower 

Am Holly . 

376 m 

0 

220 

7- 10 m 

12 9 

Tobacco . . 

182 m 

90 

190 

U 

7 1 

Yellow Coleus . 

165 m 

0 

160 

1m 

4 6 


TABLE II 

Relative Transpiration Rates between Species 


Series 

Expt, 

Species Comjmred 

Average Relative 
Transpiration 

Duration of 
Experiment 

I 

1 

holly 

tobacco 

100 : 91 

11 hrs. 


2 

holly 

tobacco 

100 : 87 

24 


3 

holly 

tobacco 

100 : 95 

32 


4 

holly 

tobacco 

100 : 97 

6 

II 

1 

holly 

coleus 

100 : 67 

5 hrs. 


2 

holly 

coleus 

100 ;104 

12 


3 

holiy 

coleus 

100 ; 88 

12 


results agree with those of Bergen (1904), Maximov (1929), and others, who have 
shown that the rate of transpiration in xeromorphic species is often higher than in 
mesomorphic species. 

Turrell (1936) showed that a xeromorphic leaf is characterized by a higher 
ratio of exposed mesophyll to epidermal surface than a mesomorphic leaf, and 
suggested that the greater rate of transpiration demonstrated in many xeromorphic 
species may probably be accounted for in these terms. For Citrus limonia and 
C. grandis, Turrell was able to demonstrate a remarkably close correlation. The 
internal-external surface ratio for C. limonia is 1.29 times that of C. grandiSt and 
the corresponding ratio of water-loss in rooted cuttings of these species, as calcu¬ 
lated from the data of Haas and Halma (1932) was 1.20. This close correlation, 
however, does not hold for the species used in this investigation; thus, the mesophyll 
surface exposed per unit external surface in the holly leaves was about 2.8 times as 
great as that exposed in the coleus leaves, but the average transpiration rate in 
holly was only 1.2 times as great. Indeed, no close correlation is to be expected, 
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for too many other variables are always present. The greater transpiration rate 
in C. limonia, for example, may have been due in part to a greater root area relative 
to the transpiring surface. According to Haas and Halma (1932), C, limonia 
produces more roots per cutting than C. grandis. 

In order to eliminate such variables as the root/shoot ratio, experiments were 
carried out using single detached leaves, or small cuttings, as described in the 
methods. Seventeen experiments comprised this series, the results of which 
were quite variable. Individual variations within the same species may have 
been due to differences in stomatal behavior Marked differences in the per- 

TABLE III 

Rislaiive Transpiration Rates of Single Detached Leaves 


Expt. 

Species 

Leaf 

Water-loss in 
grams / sq. dm 

Average 
jier sq. dm. 

Time 



1 

1 40 





2 

1 14 




Holly 1 

i 

3 1 

I 46 

1 4 



4 

1 32 



1 


5 

1 70 


4-7 p m. 


1 

0 76 






2 

0 43 




Coleus 

3 

0 92 

0 9 




4 

1 32 





5 






1 

1 43 




Holly 

2 

1 28 

1 6 



3 

1 98 

; 

2 -6 p. m. 

0 





A 


1 

1 86 




Lilac 

; 2 

0 66 

1 0 

Bright sun 



3 

0 55 


Temp. 35“ C. 



1 

0 84 




Holly 

2 

1 70 

1 5 


3 


3 

1 00 


11 a. m.-7 p. m. 


1 

3 10 




Lilac 

2 

3 20 

3 3 

Dull, cloudy 



3 

3 60 


Temp. 32° C. 


centage of stomates open on different leaves of the same com plant have been 
observed by Sayre (1939). Unfortunately, time did not permit an evaluation 
of this factor in the present experiments. 

Evidence for a differential behavior in leaves of different species to varying 
conditions of light is also indicated. Thus under conditions of high light intensity, 
holly transpir^ more rapidly than lilac {Syringa vulgaris), but under conditions 
of lower light intensity (as on cloudy days) , less rapidly. This difference probably 
results from differences in stomatal behavior under the two sets of conditions. 

A similar effect of variation in light intensity on the transpiration ratio of 
Melissa officinalis is shown by the experiments of Mittmeyer (1931). Mittmeyer 
found that in Asarum the stomates closed at high light intensities; but remained 
open in Melissa. Under these conditions, the rate of tr^spiration in Melissa 
exceeded that in Asarum, but when the stomates were open in both plants, Asarum 
exceeded Melissa. 
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It seems evident from these experiments and from those of Blaydes (1935) and 
others, that dilfferences in leaf structure are of little ecologies significance in 
determining differences in transpirational water loss amozig species. As Shaffner 
(1928) has pointed out, “the same evolutionary progressions take place whether 
a group is moving into the water or remaining in the aerial environment.’’ Accord¬ 
ingly, species with thick cuticles, sunken stomates, epidermal hairs, cell mucilages, 
or a protoplasmic structure capable of enduring desiccation, may be expected to 
occur in habitats of diverse water relations. Prom this viewpoint, any corre¬ 
spondence between xeromorphy in plants and drought-endurance would be merely 
a coincidence. 


SUMMARY 

The relative rates of transpiration in American holly, tobacco and yellow 
coleus were determined. Under the same conditions of soil and atmosphere, the 
holly leaf with its very thick cuticle had an average rate of transpiration which 
exceeded that of either tobacco or yellow colexis, both with thin cuticles. 

The stomatal frequency, when averaged for both upper and lower surfaces, is 
highest in tobacco, and least in coleus. The internal leaJE surfaces of holly, tobacco, 
and coleus are in the proportion of 12.9, 7.1, and 4.6. No close correlation between 
relative transpiration rates and the internal surface ratio is evident in these species. 

From studies on excised leaves supplied with water, it appears that the relative 
importance of different leaf structures in affecting the rate of foliar water-loss in 
different species varies with qualitative and quantitative differences in the environ¬ 
mental conditions to which the leaves are subjected. 

The writer wishes to thank Dr. E. N. Transeau for helpful advice in connection 
with this problem. 
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THE EFFECT OF pH ON PURE CULTURES OF 
EUGLENA MUTABILIS» 


HERMAN VON DACH, 

Department of Physiology. Georgetown University 
School of Medicine. Washington! D. C. 

The extraordinary acid-tolerance of Euglena muiahUis Schmitz has recently 
been pointed out by Lackey ('38). He found this green flagellate in abundance in 
numerous pools and streams polluted by acid drainage from coal mines, at acidities 
as high as pH 1.8, He stated that this one organism was the most characteristic of 
the lughly acid streams. 

Stock cultures of Euglena muiabUis, contaminated fungi and bacteria, have 
been maintained in the protozoology laboratory of Ohio State University for 
several years at pH 3 or 4, in a medium devised by Kostir and Lotze. The present 
paper gives the results of a quantitative study on the effect of pH on survival and 
growth of this organism in pure culture. 

For accurate experimental work a pure culture was of course indispensable. 
A single cell of Euglena mutabilis was washed free of bacteria and fungi by migra¬ 
tion in a capillary pipette (a micro-modification of the “migration-pipette'* method 
of Glaser and Coria, *30). A pure clone culture was then established for use in the 
experiments which followed. 


METHODS 

The following culture medium, a slightly modified form of the Kostir-Lotze 
medium, was employed in all experiments: 


KH»P04 .. 


0.25 gm. 

KCl . . 


0.25 gm. 

NaHCO, 


0.25 gm. 

Ca(NO*),. 


1.60 gm. 

MgSO*. . 


0.50 gm. 

PeCU*6H*0, 


0.0004 gm, 

MnSOi 


0.0002 gm 

Aminoids* . , . 


0.50 gm. 

Triple-distilled water 


1000 cc. 


Adjustment of pH to the various desired levels was made by adding strong solu¬ 
tions of NaOH or HsS 04 ; then the medium was measur^ into Pyrex tubes 
(20 X 150 mm,) and autoclaved. 

Three separate experiments were performed. In each experiment, all cultures 
were inoculated from a single source culture of pH 3.4 whose cell concentration 
was known. The culture tubes were then incubated at room temperature near 
a north window. After incubation, three cultures at each pH value were used for 
making cell counts, microscopic examinations of the cells, and pH determinations. 
The amount of growth was determined by comparing the concentration of cells 
per Ibubic centimeter after incubation (X) with the initial cell concentration (Xo), 
and expressed as ratio of ^wth (X/Xo). 

The customary bactenological techniques and tests for purity of cultures were 
employed. Cell counts were made witJi a Whipple ocular micrometer and a 
Sedgwick-Rafter counting cell. Determinations of pH were made after inoculation 
and after incubation, by means of a Hellige colorimetric comparator and a Leeds 
and Northrup glass electrode. Duri^ the experiments the pH of the various 
culture series remained constant within 0.1 oif a pH unit. 

^CoBtributiooB from the Department of Zoology and Bntomology, Ohio State University. 
No. 115. 

This work was done while the writer held a Muellhaupt Scholarship at the Ohio State 
Univenityi 

' *A casein digestive product of the Arlington Cheinical Co., Yonkers, N. Y. 
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RESULTS 

Table I gives the results of three separate experiments. These results show 
that Euglena mtUahilis survived for at least 12 days over a range of pH 1.4 to 
pH 7.9. The total range of growth was from pH 2.1 to pH 7.7, with maximum 
growth between pH 3.4 and pH 5.4. 

In Exp. Ill, cells from the various culture series were examined at one- or 
two-day intervals. At pH 0.9 all cells were dead within 24 hours. At pH 1.4 
(equivalent to approximately N/25 sulfuric acid) some cells remained alive for as 
long as 12 days, remaining bright green and showing slight but unmistakable 
movements during this period. At pH 1.9 some cells remained alive for 13 days. 

Euglena muiabilis tolerates a greater hydrogen-ion concentration for survival 
and for growth than any protozoan in pure culture previously reported. (See 
tables of pH-growth relationships, Loefer, *35, p. 220; Calkins and Summers, *41, 
p. 540.) 

TABLE I. Effect of pH on Euglena mutabilis Cultures 

Xo “ initial number living cells per cc. 

X " number living cells per cc. after incubation. 

X/Xo*“ ratio of growth. 

Xo in Exp. I “ 100 cells per cc. 

Exp. II « 30 cells per cc. 

Exp. Ill * 336 cells per cc. 


pH 

X/Xo AT 12 Days 

X/Xo AT 24 Days 

Exp. I 

Exp. II 

Exp. Ill 

Exp. I 

Exp. II 

Exp. Ill 

0.9 


« 

« 


* 

* 

1 4 

<1 

* 

<1 


* 

* 

1.0 

<i 


<1 

* 


* 

2.1 



20 



90 

2.4 

16 

42 

. 

74 

372 


3.4 

62 

210 


166 

644 


40 


218 

4 i . . 


680 


4.2 

4.8 

66 

193 

r * 

i68 

793 


54 


144 



704 


6.0 

4 8' 


. 




7,7 

1 9 

2 9 


2.2 

’ 21 


79 


<1 



* 


8.2 


_ * 



* 

1 



* No living cells present. 


SUMMARY 

In pure clone culture in an oiganic medium, Euglena mutabilis survived for at 
least 12 days over a range of pH 1.4 to pH 7.9, Its total range of growth was 
from pH 2.] to pH 7.7, with maximum growth between pH 3.4 and pH 5.4, 
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STUDIES IN HUMAN INHERITANCE 
XXII. The Inheritance of Congenital Pyloric Stenosis 

LAURENCE H. SNYDER 
The Ohio State University 

In a recent issue of this Journal (V'ol. XXXIV, No. 1, Jan., 1943), Cockayne 
and Penrose discussed the genetics of congenital pyloric stenosis. They concluded 
that the condition is a recessive diathesis, that males are more susceptible than 
females, and that the first-bom child is more susceptible than children bom after¬ 
wards in the same sibship. In the recorded cases Cockayne and Penrose find a 
low familial incidence and relatively few pedigrees containing more than one 
affected child. 

I 


1 


I 


IV 


Y 

Pedigree of congenital pyloric stenosis: 

111^2, Died of pylonc stenosis at 5 months. 3, Recovered from pyloric stenosis. 4, Died of 
pyloric stenosis at 6 months. 5, Died of pyloric stenosis at one day. 9, Died at two 
months, cause undetermined. 10, Died at three days, cause undetermined. 11, Bom 
dead, 16, Died In infancy of pyloric stenosis. 

IV— 1, Died of pyloric stendfeis at 8 days, 2, Recovered from pyloric stenosis; father of prop¬ 

ositus. 4, Died of pyloric stenosis at 9 months. 9, Died of pyloric stenosis in infancy. 
10, Recovered from pyloric stenosis. 

V— 2, Propositus; operated on for pyloric stenosis; recovered. 

^ There has recently come to my attentidn a pedigree of congenital pyloric 
stenosis which provides interesting additional data (fi^re 1). The diagnosis of the 
propositus (V, 2) was confirmed at operation. The diagnoses of all other affected 
members were made on the basis of similarity of symptoms, which are very 
striking (projectile vomiting, constipation, gastric peristalsis, etc.). 
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Cockajme and Penrose recorded from their data a male to female ratio of six 
to one among affected cases. In the p^i^ee presented here there were six affected 
males and five affected females; no significant d^arture from equality. More* 
over, Cockayne and Penrose state that on the basis of their data, a female who is 
not first-bom stands very little chance of being affected. In the family under 
discussion here, however, only two of the five affected females were first-bom, one 
was second-bom, one was thud-bom and one was fourth-bom. 

Primogeniture has been suggested more than once as a contributing cause to 
congenital pyloric stenosis. The critical evidence necessary to establish this, 
namely, that children bora after the patient are almost always normal, has never 
been prixiuced. The pedigree herewith presented contains strong evidence against 
the causal nature of primogeniture. The birth orders of the affected children in 
figure 1 are as follows: 

First-bom: three, one of whom was an only child, one of whom was followed 
by one affected sib, and one of whom was followed by an affected sib, then by a 
normal sib, and finally by another affected sib. 

Second-bom: four, in two of which cases the first-bom also was affected. 

Third-bom; one, in which case the first-bom was normal, the second-bom 
affected. 

Fourth-bora: two, in one of which cases the second-born and third-bom also 
were affected, and in the other of which the first-bom and third-bom were 
similarly affected. 

Fifth-bom: one, in which case the second-, third- and fourth-born also were 
affected. 

Cockayne and Penrose recorded an increased tendency to hare-lip and cleft 
palate in the families of patients. In the family presented here, there were two 
cases of cleft palate, namely II, 8 and a third cousin of IV, 4 not shown in the 
chart. No consanguineous marriages occurred in the pedigree shown in figure 1. 

The data presented here are consistent with the hypothesis that congenital 
pyloric stenosis is due to an autosomal recessive gene substitution, but these data 
do not support the contention that primogeniture is a contributinjp; cause, nor do 
they support the conclusion that males are more susceptible than females. 
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ParasiteB of Humans 

Will Rogers once wrote Will Durant that there seems to be no way to keep people from 
writing books. But if the high quality of the flood of textbooks in parasitology continues, even 
more of them will be welcome. Americans are rapidly becoming “parasite conscious" as American 
citizens are going to all parts of the world and to many places famous for diseases caused or 
transmitted by animal parasites. 

This latest book is a brief account of important human animal parasites and the diseases 
they cause. There are two sections; one is general considerations and the other is infections 
caused by protozoa, flukes, tapeworms, nematodes, and arthropods. The information is modem 
and written so that very little zoological information is required of the reader. The illustrations 
are a departure from what might be anticipated in that most of them are photographs. The 
part, of slightly more than fifty pages, dealing with infection, epidemiology, natural resistance 
and acquired immunity, diagnosis, specific theraiw, and prophylaxis, deserves special mention, 
for these topics are handled in superb fashion. The entire book is of high quality in content 
and appearance and is intended for medical students and physicians.—Chrf E. Venard. 

Medical Parasitology, by James T. Culbertson. xvi4*285 pages, Columbia University 
Press, Momingside Heights, New York. Sept., 1942. Price, $4*26. 



STRUCTURE AND RELATIONSHIP OF 
CINCINNATIAN CYRTOCERINA 


ROUSSEAU H. FLOWER, 
University of Cincinnati 


INTRODUCTION 

None of the three species currently referred to the genus Cyrlocerina Billings 
have been subjected to more than a superficial morphological examination. The 
present work deals with the investigation of Cyrlocerina madisonensis (Miller) 
formerly regarded as the only representative of the genus in the Cincinnatian. 
The specimens which have been included under that name in the collection of the 
University of Cincinnati Museum, and which form the basis of this study, proved 
on examination to include four species, three of which were closely relat^ and 
evidently typical of Cyrlocerina, The fourth species, externally homeomorphic with 
Cyrlocerina, is referred with question to Weiherbyoceras Poerste, though as pointed 
out below, it probably represents a separate but allied genus now in process of 
description on the basis of better preserved Chazyan material. 

These taxonomic details completed, there remains the more fascinating problem 
of the structure and affinities of Cyrlocerina itself. The vestigial septal necks and 
the inflated connecting rings are features which at once proclaim the relationship 
of this genus with some of our earliest cephalopods, those previously placed by the 
writer (1941), in the Eurysiphonata of Tek^hcrt (1933). As these forms are still 
rather inadequately known, it is not possible to determine the relationship of 
Cyrlocerina very precisely. It differs from all other post-Canadian genera in 
internal structure, and is quite probably related td Levisoceras Foerste, a genus 
which has not as yet been studied as closely as is desirable for comparison with 
Cyrlocerina. Ulrich and Foerste (1933) have referred Levisoceras to the Diphrag- 
mida, a group of cephalopods found in the Gasconade and earlier strata, and 
characterized by diaphragms or tabulae which cross the cavity of the siphunclc. 
Cyrlocerina clearly possesses no such tabulae, but if Levisoceras is properly placed 
in the Diphragmida, as seems probable from the meagre published evidence, 
Cyrlocerina is the only post-Canadian genus which can be traced directly to that 
group of cephalopods. 

I am indebted to Mr. Clifton Smith, student assistant in the University of 
Cincinnati Museum, for assistance in the preparation of photographs. The expense 
of illustrative materials as well as part of the cost of the plates has been met by 
the Faber Publication Fund of the University of Cincinnati Museum. 

Cyrtocerina Billings 
Genotype: Cyrlocerina typica Billings 

Cyrtocerina BiIIums, 186a, Pal. Foss., Geol, Surv. Canada, p. 178 

Barrande, 186r, Syst. SiL de centre de la Bohetne, vol. 4, pt. 1, p. 461. 

Hyatt, 18^, Boston Soc. Nat. Hist,, Proc., vol. 22, p. 266. 

Miller, 1889, N, Amer. Geol. Pal., p. 436 

Holm, 1892, Geol. Foron. Stockholm, Forh., vol. H, pp. 126, 209. 

^ Clarke, 1897, Geol. Minnesota, vol. 3, pt. 2, p. 774. 

Hyatt, 1900, Zittel-Eastmann Textb. Paleont., vol. 1, 1st ed,, p, 517. (Reprinted with 

different pagination in later editions.) 

Foerste, 1924, Denison Univ. Bull., Sci. Lab., Jour., vol. 20, p, 198. 

Foerste, 1925, Ibid., vol. 21. p. 11. 

Foerste, 1983, vol. 28, p. 138. 
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Conch a rapidly expanding short cyrtoceiacone, the aperture uncontracted Section 
compressed, the convex dorsal (antisiphonal) side frequently obscurely angulate. Sutures are 
straight and transverse. The siphuncle is located close to the concave side of the conch, 
generally assumed to be ventral in such cephalopods. The siphuncle itself exfiands rapidly, 
being conical in form. The septal necks are vestigial, the connecting rings thickened and more 
or less produced into the cavity of the siphuncle in each segment. Their complex structure 
IS described in the morphological section of the present work. The aijerture has not been 
observed. Coarse rugose lines of growth indicate that there is no hyponomic sinus developed. 

Discussion. —The short rapidly expanding endogastrio conch of this Ordovician genus is 
not closely similar to that of any contemporaneous form, but instead is similar to Lrvisoceras 
and perhaps also comparable to Shelbyoceras of the Upi)er Cambrian and Basal Ordovician. 
Those genera are regarded as possessing diaphragms crossing the cavity of the siphuncle. No 
post-Canadian genera are known which are strictly comparable. On the basis of the exterior 
alone, Cyrtocerina might be confused with immature fragments of Diestocerast but study of the 
interior will at once show the difference, as Diestoceras is cyrtochoanitic and actinosiphonate. 
The species described below as Wetherbyoceras/ cyrtocerinoides Flower, n. sp. is similar to 
Cyrtocerina m aajiect, but this is also cyrtochoanitic. Both Wetkerbyoceras and Diestoceras 
can be distinguished not only by the difference m the structure of the siphuncle, but also by 
the relatively deep camerae, even in small fragments of early parts of the conchs of any known 
representatives of these genera. 

Billings erected Cyrtocerina for the reception of short rapidly expanding conchs which were 
characterized by a large siphuncle on the dorsal (concave) side of the shell. Besides the 
genotype, C typica, from the Middle Ordovician of the Paquette Rapid# of the Ottawa River, 
he included in it Cyrtocerina mercurtus Billings (1866, p. 193, fig. 179) of the Quebec group. 
Miller and Faber (1894) referred to the genus a species previously described as Tryblidium 
madisonense Miller from the Hitz layer, of Whitewater age, at Madison, Indiana. Clarke 
(1897), added Cyrtocerina sckoolcrafU from the Decorah formation of Black River age of Min¬ 
nesota. Foerste (1926) separated C. tnercurius, making it the tyiie of the new genus Levisoceras 
which he states is *‘apparently holochoanoidal in structure’* while C. typica “is distinctly an 
ellipochoanoidal sfiecies.” This was written at a time when Foerste regarded all Canadian or 
older cephalopods as holochoamtic, a view which he abandoned upon further investigation 
Ulrich and Foerste (1933, p. 289), later reported that the ne^vk&oi Levisoceras'^^raaneuchoanitic, 
that is, terminating at the margin of the siphuncle with only vestigial curvature apicad, and 
that the interior of the siphuncle contained diaphragms. Upon this basis they placed 
Levisoceras in the Diphragmida. As shown below, Cyrtocerina is now known to agree closely 
with Levisoceras both in the form of the septal neck and the general appearance of the con¬ 
necting ring* but clearly it does not possess diaphragms. 

Cyrtocerina differs from all other post-Canadian cephalopods in the rapidly expanding 
form of the shell, the compressed section, and the position of the siphuncle close against the 
concave side of the shell. There is as yet no good criterion to show whether the siphuncle is 
dorsal in position as Billings assumed in writing the original description of the genus, or whether 
the conch has been curved endogastrically, so that the concave side is ventral, as Foerste 
believed, I have, in the following descriptions, retained Poerste’s orientation, though out of 
regard to current usage rather than out of any conviction on the matter. The lines of growth 
of the surface fail to show any evidence of a hyponomic sinus by which the venter may be 
determined. No specimens have been found yieldmg either the ventral conchial furrow or the 
dorsal septal furrow which may be regarded as reliable criteria of orientation, (Flower, 
1939, pp. 13-16.) 

Knowledge of the internal structure of Cyrtocerina is based exclusively upon the Cincin¬ 
natian species discussed below, notably upon C. madisonensis (Miller) and C. modesta Flower. 
While there is every reason to believe that the genotype is similarly constructed, the conditions 
under which it is preserved are not favorable for the study of structural details. C. typica is 
apparently a very rare species. It is known to the writer only from Billings' type, which is 
preserved in the collections of the Victoria Memorial Museum at Ottawa. This is an exceed¬ 
ingly fragile silicified specimen from which all matrix has been removed by careful etching. 
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In all essential features it agrees with the Richmond species insofar as they can be observed. 
The large conical siphuncle is close to the concave side of the conch. Its intenor presents a 
faintly annulated appearance. In considering this form as ellipochoanitic, Poerste probably 
regarded the constrictions as representing the septal foramina. However, in the light of the 
structure of C. madisonensis, it seems much better to regard the constrictions as the connecting 
rings which are produced in an annular manner into the cavity of the siphuncle, Even should 
material of the genotyixi be available which was contained in matrix and suitable for sectioning, 
it IS to be feared that little more could be learned. Shells in tliat limestone are extensively 
replaced by silica. While this makes {lossible the removal of remarkably perfect specimens by 
means of etching, it has so altered original shell structure that thin section study of the material 
IS i>rofitless, and often opaque sections fail to show structures clearly. 

Cyrtocerina is unknown in strata older than the Black River. C. schoolcrafli Clarke occurs 
in the Decorah formation of Black River age in Minnesota. C. typka^ of the Paquette Rapids, 
occurs in a limestone which was fonnerly regarded as Black River age. Kay, however, regards 
the beds as belonging to the Rockland, lower Trenton, though his reasons for doing so have 
not been tmblished The genus is unknown in strata of higher Trenton or Covington age, and 
reapf«;ars only in the Whitewater formation near the top of the Richmond of Indiana, The 
three Richmond siiecies, C, madtsonensts (Miller) C. patella Flower and C. modesia Flower are 
best developed m the “Hitz layer," the southward thinning edge of the Upper Whitewater 
strata just above the Saluda beds at Madison, Indiana. One siiecimen was collected by the 
writer in the Whitewater strata at Versailles, Indiana. No representative.s of the genus are 
known occurring either farther north or east. 

This distribution suggests that Cyrtocerina belongs to that group of genera which apjjeared 
in eastern North America in Middle Ordovician tune, then disap|x;ared, presumabh^ to arctic 
waters, to reapjiear in the cast only near the close of the Richmond. The genus has not yet, 
however, been found in any of the strata laid down within the Late Ordovician Arctic 
embayment. 


Cyrtocerina madisonensis (Miller) 

(PI. 1, figs 3-4, 12-14; pi 2, figs. 1,3-7, 9.) 

Trybltdium madtsonense Miller, 1894 (adv. sheets, 1892) 18th Rep. Indiana Dept. Geol. Nat. 

Res., p. 318, pi. 9, fig 38, 

Cyrtocerina madtsonense Miller and Faber, 1894, Cincinnati Soc. Nat. Hist., Jour., vol. 17, p, 32. 

Original description.—**She\l medium size; apex high and almost straight above the 
anterior line of the shell; the shell slopes from the apex and arches a little toward the i>osterior 
part of the shell, but laterally and in front it dest'ends abruptly to the margin; transverse 
section ovate; surface marked with fine, close, concentric lines and a few coarser ones, all of 
which apjiear to indicate lines of growth, instead of surface ornamentation; internal scars 
unknown. 

The high apex and anterior portion of it seem to distinguish this species. 

Found by J. F. Hammell, in the Hudson River Group, at Madison, Indiana, and now in 
his collection.” 

As can be seen, the Cyrtocerina was at first described m terms of a Tryblidtum, a not unnat¬ 
ural error in dealing with a specimen of this peculiar cephalopod genus which failed to show any 
trace of the phragmocone. However, subsequent specimens showing the phragmocone caused 
Miller and Faber to revise the original description. Their revised description is quoted, as 
upon it depends the problem as to the exact identity of Cyrtocerina madisonensis: 

"At the time one of the authors described, for the EighteenthiIndiana Report (Adv. Sheets 
Eighteenth Rep. Geo. Sur. Ind., p. 64) a fossil und^ the name of Tryblidium madisonense the 
internal part of it was not disclosed by the specimen at hand, while the external shell was 
remarkably well preserved and looked like that of a gastropod, and the form was that of a 
rather high Tryblidium. There was nothing m the shape or extehial appearance that would 
create the slightest suspicion that it belonged to the Cephalopoda. After that time specimens 
were collected showing a short, very rapidly tapering, siphuncle, terminating on the concave 
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side» below the apex and occupying the same position as the siphuncle in Cyrtocerina. Prof. 
Geo. C. Hubbard was the first to find that it was a chambered shell and possessed a siphuncle* 
and an examination of his specimens by the author led him to the conclusion that it is a true 
Cyrtocer&a, The chambers are short, though longer than they are in Cyrtocerina typica^ and 
the shell expands somewhat more rapidly than it does in that species. 

"Heretofore there have been only two species known in this genus. The oldest, Cyrtocerina 
ptercuriust from the Taconic rocks, the most elongated species and having the shorter septa, 
and Cyrtocerina typica^ from the Black River Group. The species here under consideration is 
from the extreme upper part of the Hudson River group, which gives a range to this genus, 
commencing below the Silurian rocks and extending to the very top of the Silurian system." 

Previously only this one Cincinnatian species of Cyrtocerina has been recognized, a species 
which marks the upper Whitewater beds above the Saluda, and is typically known from Mad¬ 
ison, Indiana, though I have collected it as far north as Versailles, Indiana. Examination of 
the specimens that had been included under this name revealed that two genera were involved. 
One of these was characterized by the conical siphuncle noted in the description of Miller and 
Faber, and agrees closely with the original and revised descriptions. It was evident then, that 
C. madisonensu was among those forms which possessed a siphuncle similar to that of the 
genotype of Cyrtocerina. However, even among these specimens three distinct groups were 
recognizable on the basis of section and rate of expansion of the shell. Had there been but two, 
I should have been tempted perhaps to regard them as sexual dimorphism within a single 
species. However the three forms are suflficiently distinct to describe them as distinct species. 
The problem then arose as to which of these is identical with the original of Cyrtocerina tnad- 
isonense, the of which 1 was not able to locate. Fortunately the original description and 
figure furnish data by which this matter can be settled beyond any reasonable doubt. The 
ventral (siphonal) side of the conch must be straight or nearly so; the antisiphonal side must 
be curved, the curvature increasing as the aperture is approached. On this basis it is quite 
simple to select among the three species the one which was almost certainly the original of 
C, madisonensis. C patella is a much larger form and one which expands more rapidly through* 
out. C modesta is a much more slender form in which the curvature of the antisiphonal side is 
nearly uniform throughout, and in which the section is not nearly as compressed as in either of 
the other two associated species. 

Revised description.—Conch rapidly expanding, compressed in section, the dorsal (anti¬ 
siphonal) side faintly convex in the early portion, later becoming more curved, so that the 
rate of expansion decreases orad. The ventral (siphonal) side is nearly straight, probably sligh tly 
concave in the extreme apical portion, and becomes very faintly convex as the gerontie 
camerae are approached. The best preserved of our specimens has an initial height of 4 mm., 
expands to 25 mm,, in the basal 12 mm., beyond which the increasing convexity of the siphonal 
side reduces the rate of expansion. At a height of 29 mm. the shell has a width of 25 mm. The 
lateral outlines are slightly convex; the section is compressed with the antisiphonal side the 
narrower of the two, obscurely angulate, and ridged when viewed adaipcally. The living 
chamber is very imperfectly known. 

The septa are very closely spaced throughout the conch, the sutures tend to slope orad 
on the antisiphonal side as the aperture is approached. The siphuncle is conical, I mm. in 
diameter where the shell height is 10 mm; and 8 mm, at a shell height of 36 mm. The 
siphuncular structure is described in detail in another section of this paper. 

Hypotypes. University of Cincinnati Museum, nos. 23965, 28:^. 

Occurrence.—From the Hitz layer of the Whitewater formation of the Richmond, from 
Madison, Indiana. 

* 

Cyrtocerina patella Flower, n. sp. 

(PI. 1. figs. 1, 5,8.) 

This shell is very rapidly expanding initially, and the convexity of the antisiphonal side 
increases only slightly, and at a much later stage than in C. tnadisonense. The conch expands 
in the basal 11 mm. to SJ4 mm. and 21 mm„ the venter (siphonal side) straight, th<^ dorsum only 
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faintly convex, and the lateral outlines straight and rapidly diverging. A second specimen, 
consisting of a portion of a mature living chamber and gerontic camerae expands from 22 mm. 
and 25 mm. to a width of 40 mm. and an estimated height of from 45 mm. to 48 mm. in a length 
of 23 mm. The aj>erture is not preserved. 

The phragmocone shows no features strikingly different from those of the above species. 
The camerae are exceedingly closely spaced gerontically, eight or nine occurring in the last 
5 mm. of the siphuncle. The siphuncle is conical, close to the concave side of the shell. At 
conchial diameters of 22 mm, and 25 mm. it is 4.8 mm. wide and 5.2 mm. high. 

Typts, —University of Cincinnati Museum, Holotype, No. 23967, paratypes, No. 2638, 
23968. 23969. 

Occurrence. —The holotype is from the upper beds of the Whitewater formation from the 
road cut just east of the limits of Versailles, Indiana. The paratypes are from Madison, 
Indiana, 

Cyrtocerina modesta Flower, n. sp. 

(PI. 1. figs. 2, 6-7; PI. 2, figs. 2, 8.) 

This species differs from the associated C. patella and C. modtsonensis by its much more 
slender form and broader section. The ventral side is obscurely flattened, the dorsum 
obscurely ndged. The dorsal profile is slightly and evenly convex throughout, the venter 
slightly convex, though nearly straight. The conch increases to a width of 22 mm. and a 
height of 24 mm. at a distance of about 23 mm. from the apex. At comparable distances from 
the initial point, both other species have sections both higher and broader. The lateral out¬ 
lines are slightly and uniformly convex like those of the dorsum and venter. The siphuncle is 
close to the venter. The camerae are possibly slightly deeper than those of the other species. 
The form of the conch is best recognized from the accompanying illustrations. 

Discussion. —The three specimens upon which this species is based vary somewhat in 
proportions, owing largely and perhaps entirely to distortion. One specimen is slightly com¬ 
pressed by pressure, but slightly obliquely compressed, so that the tip of the siphimcle is 
exposed by weathering on one lateral surface. ^ 

University of Cincinnati, No. 17170, holotype; No. 23970“71, paratypes. 

Occurrence.—'Prom the Hitz layer of the Whitewater formation, Madison, Indiana. 

Wetherbyoceras? cyrtocerinoldes Flower, sp. 

(PI. 1, figs. 9-11.) 

Associated with the species of Cyrtocerina described above, is a small portion of a phragmo¬ 
cone which resembles members of that genus very closely in rapid expansion, the apparent 
endogastric position of the siphuncle, and the development of a compressed antisiphonal side. 
Nevertheless, sections revealed that the siphuncle was cyrtochoanitic, and that this specimen 
represents a hitherto unrecognized species. Probably also it represents an undescribed genus, 
though one which is known to the writer from other material, and is related to Wetkerbyoceras 
Foirste, to which I tentatively refer this form. 

The conch is compressed initially, with dorsum and venter equally rounded, with a hieght 
of 21 mm. and a width of 16 mm. In a siphonal length of 16 mm. and an antisiphonal length of 
18 mm., the conch increases to a height of 33 mm. and a width of 29 mm. The greatest width 
of the shell is attained Ventrad of the center of the section, and the dorsal (antisiphonal) side 
is much narrower than the siphonal side. All profiles of the conch are straight. The anti¬ 
siphonal side is more strongly inclined from the line normal to the plane of the septa than is 
^he siphonal side, giving the shell an endogastric ^^spect. 

Five camerae and part of a sixth are preserved. The septa are shallow, the sutures appar¬ 
ently straight and transverse. The marginal siphuncle is crytochoanitic, thei segments broadly 
expanded, rounded, strongly assymetrical vertically# as in maiiy cephalopods with marginal 
Si^unclfis, The apical end of the connecting ring is broadly adnate to the septum on the 
ventral side, but free dorsally. At the adoral end pf the segment, expansion is more marked 
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on the dorsal than on the ventral 8ide» but the brims are short and free on both sides. Small 
annulosipbonate deposits are found within the siphuncle. No trace of actinosiphonate struc¬ 
ture is shown on this specimen. The surface of the shell is unknown. 

Discuision. —This fragmentary specimen is very similar in aspect to one which Poerste 
figured and described as Ooceras? sp. from the Whitehead formation of Gasp^ (Poerste, 1936, 
p. 381, PL 66, fig. 9.) The two species are almost certainly congeneric. Poerste remarked 
upon the similarity of his form with Ooceras seelyi and 0. lativenirum as figured by Ruedemann 
(1906, pp. 496-499, PL 38, fig. 7-9). These species form the nucleus of a considerable group 
of Chazyan species for which a new generic name will be proposed at another time. These 
cephalopods are characterized by organic deposits within the siphuncle which may be appar¬ 
ently annulosiphonate in small or immature individuals. Some species never pass beyond 
the annulosiphonate stage, but large species finally attain deposits which are actinosiphonate 
and strongly reminiscent of Minganoceras Poerste (1938, pp. 104-6, PL 24, fig. 1-4). This 
genus appears again in the Platteville lunestone, but does not appear again in the American 
section until found in the Whitewater formation of Indiana and the Whitehead formation of 
Gasp6, However, subsequent study of the little known genus Wetherbyoceras^ the living 
chamber of which is still unknown, has shown that that genus is closely related lo this one, so 
I tentatively refer the species to that genus. This does not, however, imply that W? cyrto- 
cerinotdes is at all closely related to either W. valaiuiighami or W. conoidale, which are Coving¬ 
ton sfiecies. The peculiar tyiie of preservation of the deposits noted by Poerste in his s^iecies 
and in the Chazyan forms also, is not as startlingly displayed in the Cincinnatian species. 
There is, however, some indication of this mode of preservation in our specimen, which is not 
confined to the genus, but is widespread among fundamentally actinosiphonate cephalopods 
and has been noted by the writer m Diestoceras^ Cyrtacletstoceras^ Mtnganoceras, and 
Archiacoceras. 

Type—Holotypt, University of Cincinnati Museum, No, 23071. 

Occurrence, —Hitz layer, Upper Whitewater, Richmond group. From Madison, Indiana. 

STRUCTURE OF THE SIPHUNCLE OF CYRTOCERINA 

Opaque sections (PL 1, fig. 13, pi. 2, fig. 5) show that the siphuncle expands 
rapidly within the conch, taking on a conical form. The septal necks appear to be 
very short or wanting, and the interior of the siphuncle appears to be lined with 
an annular deposit. This differs from the usual annulosiphonate deposits in that 
the cavity of the siphuncle is constricted at the middle of each segment of the 
siphuncle, whereas normal annulosiphonate structure causes the constrictions 
to be located at the level of the septal foramina. 

The same specimen in thin section (PL 1, fig. 12, 14; PL 2, fig. 1, 3, 4, 6, 7, 9) 
shows that the structure is quite unlike that of any known contemporaneous 
cephalopod. The septa are properly aneuchoanitic, that is, they terminate at the 


EXPLANATION OP PLATE I 

Cyrlocefina patella, Flower, n. sp. (1) Composite specimen showing vertical section of holo- 
type (No. 28967) adorally, and unsectioned paratype adapically (No. 2366). (6) adapical 
view hi holotype. (8) adapical view of paratype, No. 23968. Ut^r Whitewater formation. 
Holotype from Versailles, Indiaxla, other specimens from Madison, Indiana. 

Cyrtoemna modesta Flower, n. sp. Paratype, No. 28970, Upper Whitewater formation, Mad¬ 
ison, Indiana. Lateral (2), adapical (6L and dorsal (7) aspects. 

CyftoceHm moMsonensu (Miller) lateral (3) and adapical (4) views of hypotype No. 23966. 
Madison, Indiana. 

W^htfhyocMrasf cyrtocerinoides Flower, n. sp, (9) vertical section, (10) adoral view, and (11) 
enlargement of siphuncle showing annulosiphonate deposits, of holotype, No. 2397L Upper 
Whitewater, Madison, Indiana, 

Cyrtocerina madisanensis (Miller). Hypotwe, No. 23966. (12) thin section, X2H; (13), opaque 
section of the same specimen, XI; (U), enlargement of dorsal wall of siphuncle from middle 
part of specimen, about X18. 
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margin of the siphuncle either without bending apicad at all, (PI. 1, fig. 14, pi. 2, 
fig. 4, also figs. 1 and 7) or else there is only a vestige of a neck (PI. 2, 2). The 

structiares which appeared in opaque section to represent accessory deposits, are 
revealed as curiously thickened connecting rings, rather variable in shape and 
composition, which are more or less produced into the cavity of the siphuncle. 
Both the thickness of the rings and the tendency for different regions to show 
structural variations, are reminiscent of the structures previously reported by 
the writer (Flower, 1941), as characterizing the older and more generalized of the 
Eurysophonata. 

As structures and forms of the connecting rings vary somewhat from dorsum 
to venter, the two sides of the siphuncle are best discussed separately. The ventral 
side of the siphuncle is shown in PL 2, fig. 1, and a further enlargement of the 
apical portion of this figure is illustrated in PL 2, fig. 7. Traces of the mural part 
of the septum can sometimes be made out against the wall of the conch, but it is 
rarely possible to determine whether it extends forward for the entire length of 
the camera or not. The free part of the septum is straight, strongly inclined apicad, 
and terminates without any modification which could be constru^ as a true neck. 
The upper of the two septa shown in PL 2, fig. 7 is retouched to bring out its 
outline. The other is unmodified from the original 

The connecting rings are more or less semi-oval, the siphonal side convex, 
while the cameral side is usually straight, though, as seen in the uppermost segment 
of PL 2, fig. 1, it may occasionally be concave. The ring is divisible into two parts. 
On the siphonal surface one part appears as a thin dark band, sometimes more or 
less irregularly swollen in places. This contrasts strongly with the broader lighter 
area on the cameral surface. The condition is superficially similar to that noted 
in the aneuchoanitic Proietocameroceras (Flower, 1941, PL 1, figs. 3-5), but closer 
inspection shows that while zones of similar proportion occur in Proterocameroceras 
the contact between them is sharp. Here it is gradational. 

The entire connecting ring contrasts strongly'v/ith the septa, the wall of the 
shell, or infiltrated calcite occup 5 dng the cavities of the camerac or siphuncle, in 
its fine grained texture. Examination of the connecting ring under high power 
shows that it is made up of very minute granules, probably crystals of calcite. 
If one traces the fine structure from a light to a dark portion of the ring it will be 
seen that the opacity of the siphonal surface is due to the presence there of closely 
packed minute granules, while in the lighter areas the grains are larger. The 
difference in appearance of the two regions is due to texture, and not to any pig¬ 
ment. The dark siphonal mai^in is very similar in appearance to the matrix 
within which the shell was buri^, and in portions where the connecting ring is in 


EXPLANATION OF PLATE II 

C^tocerina madisonensist No. 23965. (1) Dorsal wall of siphuncle, septa and shell wall, about 
X8, showing variation in form and appearance of connecting ring. (3) Adapical portion 
of sectloa, showing invasion of matrix from broken apex of siphuncle, and modification of 
replacement of connecting rings in contact with matru. X8. (4) Dorsal wall of siphuncle, 
XlOr crossed nicols. Note coarse crystaline matrix and fine crystaline granules of con¬ 
necting rings. Coarse crystals are seen in the second ring from the top omy. evident^ an 
alteration phenomencm. (6) Opaque section of same specimen, about X2J^. (6) Adoral 

dorsal connectingrings, about X36, showing gradation of size of granules between light and 
dark areas, (7)bnlargeinent, about X26, of dorsal wall of siphuncle, the adapical, portion 
of fig. 1. The outline <3 the upper septal neck is retouched. (9) Adoral dorsal siphuncular 
segments showing diffeient form of segments, and distortion of conch, whereby a neck is 
apparently developed on the second septum from the top of the figure. , 

Cyrl 0 C 0 rina modesia Flower, n, sp. HolotnJe, No. 17170, Up^r Whitewater, Madison, Indiana. 
(2) Adoral segment of dorsal wall of siphuncle showing form of ring, unusually well bent 
neck, and an abnormal bend in the septum in the upper right side of the photograph, X22, 
(8) Vertical section complete, X 2J^. 
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contact with matrix, it is very diflScult to determine the boundary between the 
dark siphonal margin and the fine |prained faintly dolomitic lime mud. This is 
shown, though somewhat obscurely, in PL 2, fig, 3, which shows the apical end of 
the siphuncle of our specimen. The extreme tip is missing, and matrix has entered 
through the broken end. However, the organic nature of the siphonal lining is 
shown clearly in more adoral segments, for it is well developed there in regions 
where matrix never penetrated. Quite probably this shell was buried at a time 
when some tissue still occupied Ihe siphuncle. Matrix is present in the living 
chamber and has entered a little way into the siphuncle from either end. The 
greater part of the cavity of the siphuncle is occupied by calcite which has a sharp 
contact with the invading mud. This is believed to be one example, of which 
several others have been noted, of calcite representing the position of tissue present 
at the time of burial of a ceph^opod shell. 

The textural modifications of the connecting ring were plainly original, and 
indicate probably the deposition of the connecting ring as fine calcite granules of 
crystaline nature. These have been less susceptible to replacement and alteration 
than have the originally aragonitic shell parts. However, they have suffered some 
alteration, as can be seen when they are viewed through crossed nicols. Under 
such conditions (PI. 2. fig. 4), the majority of the connecting rings are seen to be 
made up of fine granules, each of which has its own optical orientation so that at 
one position no two adjacent cr 5 ^tals ordinarily attain extinction. This causes the 
connecting rings to stand out strikingly against the large and irregular calcite 
crystals of the septa and of the infiltrated calcite in the ^ell cavities. However, 
this figure shows a number of areas in which recrystallization has taken place, 
notably in the upper two connecting rings, so that the granules are replaced by 
large irregular crystals. No trace of this phenomenon can be seen in ordinary 
light however, and the original granular structure seems to hold throughout under 
such conditions. This can be seen by comparing PI, 2, fig 4 with the upper four 
segments shown in greater enlargement in PL 1, fig. 14. These phenomena indicate 
that both zonation and the granular nature of the connecting ring were probably 
original. 

The dorsal side of the siphuncle shows the septa terminating ordinarily with 
no trace of a neck, but instead of sloping apicad throughout their length, they are 
essentially straight and transverse. This is shown most clearly in PL 1, fig. 14, and 
PI. 2, fig. 4. Near the adoral end of the specimen (PL 2, fig. 8) an interesting 
condition is shown in which very short necks appear to be developed by abrupt 
bending. This part of the shell is slightly distorted, and the connecting rings have 
been moved out of line, and shoved slightly apicad from their original positions. 
Possibly the same force has been responsible for the bending of the tips of the 
septa, for the structure is irregular and far from uniform. 

The nearest approach to a neck is shown in the adoral septum of the holotype 
of Cyrtocerina modesia (PL 2, fig. 2), Here the neck is faintly recurved. However, 
this specimen shows an abrupt bend in the septum before the siphuncle is 
attained, shown in the upper right comer of our photograph, which has been 
observed nowhere else and is probably due to injury. It is possible that injury 
may have affected the generd organization of the shell enough to produce a 
slightly greater bending at the tip of the septum as well, so it is not certain that 
this condition is normal. 

The connecting rings on the dorsal side of the siphuncle are more or less tri¬ 
angular in shape. The most typical form is shown in a series taken from the middle 
of PI. 1, fig. 12, shown in PL 1, fig, 14. The ring is subtriangular, the cameral side 
straight or faintly concave, the siphonal side strongly produced, and extending 
farthest into the siphuncle at its adoral end. Farther or^ in the siphuncle of tiiie 
same specimen, (PI. 2, fig. 9), the rings do not project as far into the siphuncle^ 
and the greatest width is near the middle of the ring rather than at its adoral end^ 



No. 2 


CYKTOCEHINA 


61 


The comma shaped ring of C. modesta (PI, 2, fig. 2) may be diagnostic of the species, 
but enough segments have not been seen in which the connecting rings were 
preserved to make this certain. 

The series of segments shown in PL 1, fig, 14 show the maximum variation 
noted in texture and mode of preservation of the rings on the dorsal side of the 
siphuncle. The upper three figures show the most typical condition. As on the 
ventral side, the greater bulk of the ring is made up of light, transparent, relatively 
large granules. The siphonal border consists of a more opaque area, again resem¬ 
bling matrix where it is most completely developed. As before, the two aireas 
intergrade. The cameral surface of the ring shows a similar marginal opaque 
area. The simplest condition, showing the most gradual change from the central 
light area to the dark margin, is shown in the second segment from the top of our 
figure. In this the margin^ opaque areas have not attained as great a development 
as in neighboring segments. The fourth segment from the top shows a curious 
darkening of a very broad band along the cameral surface. The next few segments 
are uniformly dark, a condition which is believed to be due to alteration connected 
in some manner with the invasion of sediments to these segments, as shown in PL 2, 
fig. 3. Rather strangely, segments which occur farther apicad in this series and 
which are more completely surrounded by matrix, show less modification. The 
second segment from the bottom of the same figure is unique among the rings 
observed in Cyrtocerina in that its siphonal surface appears to be marked by a 
thin line which seems to represent a definite wall. This sets off the main mass of 
the connecting ring from an irregular band of dark material resembling matrix, 
which in this case it probably is. 

Interpretation of the structural significance of the various bands of the con¬ 
necting ring of Cyrtocerina is still uncertain. Evidently the modification was 
origin^, for the same phenomena can be recognized, though differently preserved, 
under different conditions of alteration and replacement. The granular nature of 
the ring is what one might reasonably expect ‘to be more widely found among 
fossil nautiloids if, as has been reported of Nautilus, their connecting rings are 
composed of fine crystals of calcite in contrast to the prismatic aragonite of the 
shell proper. The marginal opaque zones are of uncertain interpretation. 
Superficially, these bear a strong resemblance to various structures previously 
observed by the writer in eurysiphonate cephalopods. The eyelet reported 
in the tip of the connecting ring of several genera, notably among the 
Taiphyceratidae and in Vaginoceras oppletum (Flower, 1941), shows the same 
very fine grained condition, and the same degree of opacity as do these marginal 
zones. Similar also is the “inner zonc“ of the connecting ring on the siphonal 
surface in Eurystomiies, Occasionally this and related genera have shown a 
similar zone on the cameral surface, but it was so faint that I did not at the time 
regard it as an original structure. Likewise the inner zone of Proterocameroceras is 
similar, though in that genus the zone is clearly set off from the remainder of 
the deposit, more strongly so than in any other form observed. The irregularity 
of the opaque material which lies along both the siphonal and cameral surfaces 
of the deposits, and which can also be seen occasionally against the septa in the 
camerae, is perplexing largely because of its irregularity. The most logical inter¬ 
pretation seems to be that this may represent vestiges of organic matter derived 
&om tissues present in the camerae and siphuncle at the time of the burial of 
the conch. 

RELATIONSHIP OF CYRTOCERINA 

Hyatt (1883) originally placed Cyrtocerina with the Holochbanoidea, but later 
(1900) removed it to the Schistochoanites. That ^up, now no longer recognized, 
rise contained the genus Conoceras Bronn^of which Hyatt regarded Bathmoceras 
Barrande as a synonym. Conoceras is still very poorly understood, but Bath- 
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moceras appears to be a valid genus in which, as was shown by Holm (1899) 
processes from the wall of the siphuncle project centrad and orad into the siphuncle. 
These structures Holm figured as thickened connecting rings. So strong is the 
resemblance between these rings in Bathmoceras and the annulosiphonate deposits 
of Polydesmia, that it appears reasonably certain that Bathmoceras is ancestral to 
the Actinoceroidea. Further examination of this hypothesis showed that if this 
connection was real, the rings of Bathmoceras must be relatively complex. Though 
no differentiation of structure was shown by Holm, who worked only from opaque 
sections, it became evident that somewhere in the actinoceroid line there must 
have occurred a differentiation of the generalized part of the connecting ring and 
that part which was finally modified to form annulosiphonate deposits. This 
differentiation was one of material, for even in Polydesmia the deposits appear as 
structures quite distinct from the generalized part of the connecting nng. To 
eliminate this difficulty, it was suggested that the eyelet was the origin of the 
greater part of the mass of the deposit of Bathmoceras, and that the structure grew 
orad, finally thickening and sending a lobate process into the cavity of the siphuncle. 

The connecting ring of Cyrtocerina is not unlike that of Bathmoceras in form. 
On the basis of outline alone the two could be homologized. However, the zonal 
development of the ring in Cyrtocerina is such as to indicate that either the genus 
must have some other relationship, or else that the structure of Bathmoceras is 
quite different from what Holm’s figures and the strong resemblance to Poly¬ 
desmia suggest. Further discTcpancies are found in the form of the shells of the 
two genera, one a slender orthoceracone, the other a short endogastric breviconc. 
The genera further differ in the condition of the septal neck, Cyrtocerina having no 
true neck developed, while the necks of Bathmoceras are long and sometimes show 
more than a suggestion of cyrtochoanitic structure. 

The siphuncle wall of Cyrtocerina shows, in the thickness and zoning of the 
connecting ring, features which the writer has taken as diagnostic of the gener¬ 
alized Eurysiphonata (Flower, 1941). This group, believed to spring from the 
Plectronoceratidae, is characterized by a thickened connecting ring in which 
various types of differentiation occur. It was regarded as beginning with the 
development of the Ellesmeroceratidae, straight or curved conchs with thick rings, 
and no accessory internal structures. From this group were derived the straight 
Baltoceratidae and the coiled Tarphyceratidae. The Endoceroidea developed first 
by the addition of endocones. Later prolongation of the necks produced holo- 
choanitic structure, but the connecting rings are retained at least in the more 
primitive holochoanitic genera, and still show eury^iphonate characteristics. The 
rings of all of these groups exhibit two different types of patterns. Where the 
septal neck is short there is a dense thin inner (siphonal) zone and a lighter 
(cameral) inner zone. Where the necks are well developed and enclose the con¬ 
necting ring for a considerable distance, the tip of the ring is differentiated into a 
mass of dense material, not unlike the inner zone, which was termed the eyelet. 
Assuming the deposits of Bathmoceras were developed from the eyelet, which 
grew forward over the inner (siphonal) side of the remainder of the connecting 
ring, it was possible to see in that genus the forerunner of Polydesmia, and the 
origin of the Actinoceroidea in which the inflated eyelet was modified into an 
annulosiphonate deposit. 

While Cyrtocerina shows euiysiphonate affinities, it cannot be placed in any of 
the groups previously noted as members of the Eu^siphonata. On the other 
hand, it shows some features in common with the Diphragmida, which are very 
poorly understood at the present time, but the available evidence suggests that 
they also show eurysiphonate features. Possibly the connection is to be fomid in 
the genus Levisoceras, now placed in the EHphragmidae by Ulrich and Foerste 
(1933, 1936), but bas^ upon a species originally placed in Cyrtocerina. 
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Levisoceras Foerste was first proposed because it was be^lieved that Cyrtocerina 
mercurius was holochoanitic, while the genotype of Cyrtocerina was regarded as 
ellipochoanitic. Later Ulrich and Foerste (1933, p. 289), came to the conclusion 
that instead of being holochoanitic, the septal necks were actually very short, and 
that the connecting rings were pet'uliar in structure. Their statements are quoted 
below: 

However, two occurrences among the Diphragmida suggest that their structure 
may not have been holochoanoidal but ellipochoanoidal, the latter term having 
been introduced by Hyatt for siphuncles in which the septal necks are short and 
must be supplemented by connecting rings in order to produce a continuous 
siphuncle. For instance, several specimens from the central mineral region of 
Texas, apparently referable to Levisoceras, not only show the transverse tabulae 
within the siphuncle, but also segments of the siphuncle which are composed of 
short septal necks and intermediate connecting rings. Both surfaces of the septal 
necks are sharply defined from the adjacent matrix but those of the connecting 
rings apparently diffuse rapidly into the latter so that no sharp line exists between 
the rings and the matrix. Moreover, the substance of the connecting rings is 
slightly lighter in color than that of the septal necks.’* 

The same forms were those which showed vestigial necks, as shown by the 
following statement of Ulrich and Foerste from the same paper: 'Hn the Texan 
Diphragmida here described the septa curve downward only slightly on approaching 
contact with the siphuncle, this downward curvature being toi) slight to merit the 
name neck. They certainly arc not orthochoanitic and the term aneuchoanitic 
(without neck) is here proposed for structures of this type.” 

Cyrtocerina agrees strikingly with Levisoceras in form, The genera have been 
separated on the basis of supposed internal differences Prom the above quota¬ 
tions it can be seen that the genera agree in the aneuchoanitic necks, and the 
description of the connecting rings of Levisoceras might be equally well applied to 
those of Cyrtocerina. The only remaining differenfct is that Levisoceras is reported as 
possessing diaphragrns which cross the siphuncle. 

Cyrtocerina is unique among its contemporaries in the wall of the siphuncle. 
Its relationship can be best explained as a derivative of Levisoceras which has lost 
the diaphragms. At the present time, it is not possible to point out any other 
structural difference between the two genera. It is interesting to note in this 
connection that one section of Cyrtocerina which fails to attain the center of the 
siphuncle, shows apparent diaphragms because the processes of the connecting 
rings continue unbroken across the siphuncle. This suggests that some, though 
evidently not all, of the structures which have been described as diaphragms may 
be derived from connecting rings. This is particularly applicable to the exceedingly 
vague structures which Kobayashi (1933) has called pseudodiaphragnis, in Multi- 
cameroceras and Sinoeremoceras. 
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On Growth and Form 

This voluminous book is an enlarged and revised edition of the book of the same title pub¬ 
lished twenty-five years ago. The problems of growth and form are discussed purely from the 
standpoint of mathematics and physics. In the words of the author his ^'sole purpose is to 
correlate with mathematical statement and physical law certain of the simpler outward phenomena 
of organic growth and structure or form, while all the while regarding the fabric of the organism 
as a material and physical configuration.” The following paragraph contains samples of topics 
discussed and conclusions reached. 

The total resultant force which the bird employs for its support varies empirically os the 
square of the air speed. Man is ruled by gravitation, whereas the surface of a pool is a matter 
of life and death to a water beetle. In the world where the bacillus lives gravitation is forgotten, 
whereas the viscosity of the liquid, molecular shocks of the Brownian movement and electrical 
charges of the ioniz^ medium are all of great importance. The form of an organism is deter¬ 
mine by its rate of growth in various directions and is an “event in space-time.”’ The cell is a 
sphere of action of localised forces, of which surface tension is the most important in giving the 
cell its shtme and individuality. The actual conformation of the cell usually is the complex 
resultant of surface tension, acting together with gravity, mechanical pressure, osmosis and other 
physical forces. The unique beauty of a soap bubble depends upon the absence of such forces 
from the field, the resulting form is in such a case so simple that we come to regard it as almost a 
mathematical abstraction. The various morphological characteristics of the tiny polyp have 
their parellels in the surface tension phenomena of the splash. The figure produced by using a 
hanging drop, which while it sinks renuiins suspended to the surface is analagous to that of a 
medusa or iellyfish, with its umbrella and manubrium. Flagrila, cilia, chitinous hairs, etc., tend 
to occur where the surface tension would be least, were the surface fluid. Cell membrane and 
cell wall fonnation is the result of adsorption. In tissues or cell aggregates surface tension mani¬ 
fests itself in the minimum area which the circumstances of the case permit. Thus in a moss of 
soap bubbles enclosed in a narrow vessel with flat sides of glass, in a plane section of vegetable 
parenchyma, and on the surface of a honeycomb the cell wauls meet by threes, at angles or 120 
forming hexagonal cells. This arrangement mathematically and physically, provides minimal 
surface. The efficient architecture of the bee cell is due to mechanical forces rather than to any 
planned economy on the part of the bee. The Nautilus, snail shell and Globigcma grow as 
equiangular spirals, rather than as the spiral of Archimedes. Shell forms which arc mathe¬ 
matically identical are found in all geological periods, regardless of dimate and on shores and in 
ocean depths. The quadriped skeleton has two balanced cantilevers, one supported on the 
fore-legs and the other on the hand. The skeletal construction of the bird is more complex, part 
of the time the whole weight is borne by the legs, and part of tlie time by the wings. Coordinate 
geometry may be of considerable value in illustrating differences between related forms. 

The various subjects are treated along strictly physical and mathematical lines. Thus 
heredity and various physiological phenomena are not considered. Geometric and physical 
principles are discussed at length. Growth is considered in relation to magmtude, “as a 
phenomenon at the end of a morphological rather than at the bei^nning of a physical inquiry.” 
While not offering solutions to any major biobgical problems, this book is a prolific source of 
unique and interesting material. The reader w3l likely learn more geometry and physics than 
biology.--2>. C. Rife, 

Growth and Form, by D'Arcy W. Thompson, xvii-flllfl pp., 554 iUus. MacMillan 
Co., New York, 1942. 112.50. 




PHOTOPERIODIC AFTEREFFECTS IN IPOMOEA^ 


VICTOR A. GREULACH 
University of Houston, Houston, Texas 

Photoperiodic aftereffects* were first observed by Gamer and Allard (8) in 1923, 
and have been studied since then in about two dozen species of plants. Due largely 
to the extensive studies of Borthwick and Parker (2, 3, 4, 17, 18), we now know 
more about photoperiodic aftereffects in Biloxi Soy Beans than in any other plant, 
Photoperiodic aftereffects in soy beans have also been studied by Gamer and 
Allard (8), Eghiz (7). Murneek (15), and others. Considerable work on after¬ 
effect in millet has been done by various Russian botanists (5, 6. 14, 23). Photo¬ 
periodic aftereffects in chrysanthemum have been studied by Poesch (19), Post 
(20, 21), and Link (13), in Xantkium by Hamner and Bonner GO) and Neidle (16), 
in dill by Hamner and Naylor (12), and in Klondike Cosmos by Biddulph (1). 
Other species which have been studied less thoroughly include tcosinte, oats, 
barley, common cosmos, radish, poinsettia, rice, cotton, Rudbeckia and spinach. 
These studies have dealt primarily with reproductive aftereffects, but aftereffects 
involving tuber formation have been reported in Solanum by Razumov (24) and 
Pushkarev (22) and in Helianthus tuberosus by Hamner and Long (11). 

In view of the fact that none of these plants has been a vine and that none has 
belonged to the Convolvulaceae the writer considered it worth while to investigate 
possible photoperiodic aftereffects in Ipomoea, The species employed were the 
Japanese morning glory (/. hederacea Jarq.) and the common morning glory (/. 
purpurea Roth.), Both of these species were classified by Gamer and Allard (8) 
as short day plants, although Roberts and Struckmeyer (25) found that the latter 
species would also bloom under long photoperiods if the temperature was 
relatively low. 


EXPERIMENTAL METHODS 

A transfer technique similar to that employed in previous investigations on 
photoperiodic aftereffects was used. Plants of both species were subjected to 
from 1 to as many as 20 induction photoperiods of 9 hours each, transfers to long 
photoperiods being made daily. In the various experiments plants were kept 
under long photoperiods for different lengths of time before being subjected to the 
induction treatments, thus securing plants of different ages at the time the treat¬ 
ments were begun. Care was exen'ised that plants would be subjected to short 
photoperiods only during the allotted induction periods. Control plants were 
kept under short photoperiods from the beginning of the treatments to the end 
of the experiments. OtJier control plants were retained under long jihotoperiods 
throughout the experiments. 

The experiments were conducted at Columbus, Ohio, between April 22 and 
September 3, 1939. The photoperiods designated as long were between 15 and 16*4 


^Papers from the Department of Botany, The Ohio State University, No. 438. 

^Although the terms photoperiodic inducHon and photoperiodic aftereffect are often used 
S3rnonymousIy the writer believes that they logically refer to distinct phenomena. As used 
h*re the term photoperiodic indiiction is restricted to the initiation of sexual reproduction in 
plants under the influence of the photoperiod. The term photoperiodic after eject is applied 
to the continuation of reproductive development after photofieriods fayonng its initiation 
have been replaced with photoperiods unfavorable or less favorable for induction. The term 
may also be applied to the continuation of vegetative development characteristic under certain 
photoperiods after these have been replaced by others under which such development would 
not initially occur. A detailed discussion of this terminology is given elsewhere (9). 
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hours in length. These were obtained by using the natural photoperiods, either 
alone or supplemented with light from Mazda bulbs; these providing a minimum 
of 3 foot candles of light, although most of the plants received at least 20 foot 
candles of light. The photoperiods designated as short were 9 hours in length, and 
were obtained by means of light-proof, ventilated chambers and cabinets. The 
temperature differences between the inside and outside of these were not great 
enough to have any significant effect on the development of the plants. The 
minimum temperature to which apy of the plants was exposed was 56° F., and for 
short periods only. The mean temperatures ranged between 70° F. and 80° F. 

The plants were maintained in five-inch porous clay pots according to good 
greenhouse practice, and care was taken to keep such factors as soil, moisture 
and light intensity as uniform as possible. 

TABLE I 

Data on the Organization of the Experiments 


SpErru^i 

1 

Expt. 

Date 

Number of Days from Pi,anting 
Seeds to the; 

Plants 

No. 

Planted 

Beginning 

of 

Treatments 

Time of 
the Last 
Transfer 

End 
of the 

Experiment 

PER 

Treatment 

/. kederacea. 
(yellow-green) 

I 

April 21 

40 

60 

96 

2 

u u 

n 

June 13 

4 

21 

62 

3 

/. kederacea.. 

(dark green) 

III 

June 29 

5 

18 

66 

4 

M U 

rva 

June 29 

28 

38 

66 

4 

M U 

j IVb 

June 29 

28 

41 

66 

3 

I. purpurea . 

I 

April 21 



96 

3 

a u 

ir 

June 13 



66 

4 

u u 

III 

June 29 


22 

66 

3 

u « 

IV 

June 29 

28 

45 

66 

3 


Eight different experiments were conducted, four on each species. In the first 
two experiments on I. hederacea a strain with pale yellow-^een foliage was used, 
while in the last two a strain with dark green pigmentation, similar to that of 
7. purpurea, was employed. 

In Experiment IV on I, kederacea the plants were divided into two series, 
a and b. The plants in Series a were treated in the usual way, but the plants in 
Series b had only one leaf each exposed to nine hour photoperiods. This was 
accomplished by means of light-proof black cloth bags placed in position and 
removed daily. 

Daily records were made of the development of the plants, including a complete 
record of anthesis, and at the close of each experiment the height of each plant 
was measured and the number of fruits on each was counted. All plants which 
had not bloomed were carefully examined for flower buds wjth a low power binocular 
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microscope. Specific details about the organization of the experiments are given 
in Table I. . ^ 

RESULTS AND DISCUSSION 

Detailed data on each of the experiments are too extensive to present here but 
are available elsewhere (9). It will suffice here to describe and discuss the more 
important results, considering in turn the aftereffects related to flower bud 
formation, anthesis, and fruit formation. 

Flower buds developed on at least some of the plants in all the treatment 
groups in the experiments on L hederacea (Table II), and in the first three exper¬ 
iments flower buds were also present on the control plants, which were retained 
under photoperiods 15 hours or more in length throughout the experiments. How¬ 
ever, the influence of the short day treatments was clearly evident, as the buds on 

TABLE II 

Minimum Numbers op Short Photoperiods which Induced Various Aptersfpects 


Minimum Numbers of Short Photopkriods which Induced 


Experiment 

Flower 

Buds 

Terminal 

Flower 

Buds 

Anthesis 

First 

Anthesis 

Last 

Initial 

Anthesis 

Fruit 

Formation 

Ipomoea hederacea I 

0 

2 

0 

12 

0 

0 

« « II 

0 

2 

2 

11 

2 

2 

« « III 

0 

5 

6 

13 

5 

5 

« « IVa 

1 

7 

3 

7 

3 

6 

" " IVb 

1 

U 

4 

9 

4 

13 

Ipomoea purpurea I 

2 

8 

3 

4 

3 

4 

« « u 

7 

13 

7 

10, 11, 14. 
16. 17 

12 

13 

« - III 

11 

12 

n 

7 

U, 12 

12 

« « IV 

2 

17 

8 

14, 15 

9 

17 


the control plants appeared much later than on the treated plants, and in no case 
before the plants were 46 days old. None of the /. purpurea plants exposed to 
less than 2 short photoperiods formed flower buds, and in Experiments II and III 
on this species flower buds appeared only on plants exposed to 7 or more and 11 or 
more short photoperiods respectively. Since treatments were begun in these 
experiments 4 and 6 days respectively after planting, and were not begun until 
40 and 28 days after planting in the other two experiments, it appears that 
induction treatments may be more effective in inducing flower bud formation when 
applied to older plants. The fonnation of flower buds on the control plants of 
/. hederacea indicates that this is less strictly a short day species than 7. purpurea. 
More short photoperiods were necessary for the induction of terminal flower 
buds than lateral flower buds (Table II). The yellow-green plants of L hederacea 
were most sensitive in this respect, terminal flower buds developing on some of 
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the plants exposed to 2 to 4 short photoperiods, and on all the plants exposed to 
5 or more short photoperiods. Terminal flower bud formation was much less 
extensive in the dark green plants of this species, being present only in scattered 
plants' exposed to 5 or more short photoperiods. A terminal flower bud formed on 
only one of the plants subjected to localized induction photoperiods, it having 
been exposed to 11 short photoperiods. 

In I. purpurea terminal flower buds were also rare, and except in the first 
experiment occurred only on scattered plants exposed to 12 or more short photo¬ 
periods. In the first experiment terminal flower buds formed on one plant each in 
the groups exposed to 8, 9, 10, and 14 short photoperiods and on all plants exposed 
to 15 or more short photoperiods. The greater abundance of terminal flower buds 
on these plants was probably due in part to the greater age of the plants at the 
time the treatments were begun, and in part to the fact that this experiment was 
continued a month longer than the other experiments on /. purpurea. Terminal 
flower buds formed on all plants of both species which were retained under short 
photoperiods from the beginning of the treatments to the ends of the experiments. 
Most of the terminal flower buds developed into flowers, but a few on the plants 
subjected to the lesser number of short photoperiods failed to develop further. 

A very striking result of the formation of terminal flower buds was a cessation 
of growth of the main axis and the consequent dwarfing of the plants (Fig. 1). In 
some of the plants exposed to fewer numbers of short photoperiods branches 
continued to grow and one exhibited apical dominance. The resulting plant as a 
whole had the usual viny form, but in most of the plants terminal flower buds 
soon formed on the branches, resulting in a bushy plant entirely unlike the usual 
morning glory plant. It is possible that non-viny Convolvulaceae, such as 
Convolvulus tricolor, are bushy because their terminal flower buds develop under 
longer photoperiods than in other members of the family. 

The average height of the dwarfed plants was 30 cm. for the plants treated 
beginning 4 or 5 days after planting and 118 cm. for those treated when older. 
The yellow-green plants of /. kederacea averaged the shortest, followed in order 
by the dark green plants of this species and the /. purpurea plants. In all but 
one experiment (/. purpurea, Expt. Ill) the plants retained under short photo¬ 
periods were shorter on the average than the plants returned to long photoperiods 
after induction, apparently because of the continued influence of the short photo¬ 
periods. No explanation for the exc>eption is evident. However, formation of 
terminal flower buds did not necessarily occur earlier with an increase in the 
number of induction photoperiods, many plants exposed to the larger numbers 
of short photoperiods having main stems avere^ing about the same in height as 
those on which terminal flower buds developed after exposure to as few as 2 short 
photoperiods. The shortest main stems were those of two plants of /. kederacea 
in Experiment I which had been exposed to 15 and 16 short days and were only 
8 cm. tall 

In general, extensive branching accompanied the formation of terminal flower 
buds, probably as a result of the loss of apical dominance, and branching was rare 
in plants with terminal vegetative buds. For example, in Experiment I on 7. 
kederacea 78 per cent of the plants had terminal flower buds and 71 per cent had 
branches, while in Experiment III on this species only 8 per cent had terminal 
flower buds and none had branches. When plants with terminal flower buds 
failed to branch, as was evident particularly in Experiment II on 7. kederacea^ in 
which 78 per cent of the plants had terminal flower buds but only eight per cent 
had branches, it was evidently because all the axillary buds had developed into 
flower buds so that no further stem elongation was possible. 

In Experiment I on 7, kederacea the control plants kept under long photoperiods 
began blooming 85 days after planting. None of the control plants in the other 
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experiments bloomed, although some of the /. hederacea controls which had flower 
buds might have bloomed had the experiments been continued longer. In these 
experiments the minimum number of short photoperiods necessary to induce 
anthesis ranged from 2 to 5, and in / purpurea from 3 to 11 (Table II). Using 
this as a criterion /. hederacea may be considered as more sensitive to photoperiodic 
induction than I, purpurea, and the yellow-green strain of the former species as 
more sensitive than the dark green strain. 

Aftereffects were much more pronounced in the yellow-green plants of /. 
hederacea than in the dark green plants of either species insofar as abundance of 
bloom is concerned, and flowers were more abundant on the dark green plants of 
/. hederacea than on the /. purpurea plants. There was a general tendency for the 



Pig. 1. Representative plants of Ipomoea hederacea. Experiment II, showing the dwarfing 
which resulted from the conversion of the terminal bud to the determinate reproductive 
condition. The figures give the number of short photoperiods to which the plants were 
exposed. The plant labeled “C” was retained under long photoperiods throughout the 
experiment. Photographed July 31, 1939. 

plants exposed to greater numbers of short photoperiods to bloom more abundantly 
than those exposed to smaller numbers, but there was no re^lar increase in 
abundance of bloom with an increase in the number of induction photoperiods. 
Aff plants retained under short photoperiods bloomed much more abundantly 
than those returned to long photoperiods. There was no distinct correlation 
between either the abundance of bloom or the minimum number of short photo¬ 
periods necessary to induce anthesis and the age of the plants at the time the 
trealanents were begun. 

In /. hederacea anthesis first occurred in plants exposed to a fairly large number 
of short photoperiods, and the last plants to begin blooming were ones exposed 
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to only a few short photoperiods, but this was not true of 7. purpurea (Table II). 
Anthesis first began in the plants retained under short photoperiods from the 
beginning of the treatments at about the same time as in the plants returned to 
long photoperiods (Table III). Both the time of initial anthesis and the beginning 
of the period of maximum anthesis correlated with the number of days from the 
beginning of the treatments rather than with the number of days from planting 
(Table III). The time from the beginning of the treatments to the first anthesis 
varied from 21 to 30 days and the time to the beginning of maximum anthesis 
varied from 25 to 30 days. That the treatments were somewhat more effective on 
plants whi^ were older at the beginning of the treatments is indicated by the 
fact that the average time from the beginning of the treatments to initial anthesis 
was 24 days for the older plants and 29 days for the younger plants. The average 
time to the beginning of maximum anthesis was 28 and 30 days respectively. There 
was little difference between the two species or between the yellow-green and 
dark green plants in the time required for initial and maximum anthesis to be^. 

The number of short photoperiods necessary for the induction of fruit formation 
was about the same as that for the initiation of terminal flower buds (Table II), 
and except in the first three experiments on 7. hederacea was greater than the 
number required for inducing anthesis. Fewer numbers of short photoperiods 
were necessary in both strains of 7. hederacea than in 7. purpurea, except in the 
plants of which single leaves were exposed to localized short photoperiods. The 
percentage of the test plants bearing fruits was markedly higher in 7. hederacea 
than in the comparable experiments on 7. purpurea, except in Experiment I on 
each species, where the longer duration of the experiments may have made some 
equalization possible, and in the plants given localized short photoperiods, only 5 
per cent of which formed fruits. In Experiment I. fruits developed on 73 per cent 
of the 7. hederacea plants and on 61 per cent of the 7. purpurea plants. In Exper¬ 
iments 2, 3, and 4 the percentages were 61 and 13, 24, and 7, and 40 and 2 for 
/. hederacea and 7. purpurea respectively. Fruits developed on 77 per cent of the 
plants retained under short photoperio^. The percentage of flowers developing 
into fruits was extremely variable from treatment to treatment and there was no 
correlation with the number of short photoperiods or the species, but it was higher 
in the plants retained under short photoperiods than those returned to long 
photoperiods. 

Photoperiodic aftereffects were evident in the plants of 7. hederacea which had 
only one leaf each expos^ to short photoperioos (Exp. IV b), but these were 
much less extensive than in comparable plants exposed in their entirety to short 
photoperiods (Exp. IV a). Flower buds formed on a plant exposed to only one 
localized short photoperiod, anthesis occurred on plants exposed to 4 or more 
localized short photoperiods except in the groups exposed to 5 and 10 short photo¬ 
periods, and fruits formed on one plant exposed to 13 localized short photoperiods. 
A terminal flower bud developed on one plant exposed to 11 localized short 
photoperiods when it was 101 cm. high. 

The various tabulations fail to indicate adequately the rather marked dif¬ 
ferences in development among plants receiving identical treatments. These 
differences of re^tion to the photoperiod were in many cases too marked to be 
due to other slight differences in environment and it appears that individual 
hereditary differences in reaction to the photoperiod are greater within ordinary 
unselected species than is generally recognized. 

The more pronounced photoperiodic aftereffects of the yellow-green strain of 
7. hederacea than of the dark green strain may have been due either to genetic 
linkage of the factors affecting sensitivity to the photoperiod and the factors 
affecting pi^gment formation, or to a more or less direct physiological connection 
between pigmentation and sensitivity to the photoperiod. The latter appears 
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possible since Mumeek (15) found that in several short day plants the carotene 
and xanthophyll content was higher in plants growing under short photoperiods 
than those p*owing under long photoperiods. 

A quantitative and cumulative relationship between exposure to short photo¬ 
periods and photoperiodic aftereffects was indicated by the following results: 
a general increase in photoperiodic aftereffects with an increase in the number of 
short photoperiods to which the plants were exposed; more extensive reproductive 
development in plants retained under short photoperiods than in those returned 
to long photoperiods; and the lesser aftereffects in /. kederacea plants exposed to 
localiz^ short photoperiods than in comparable plants exposed in their entirety to 
short photoperiods These results are in accord with the florigen theory. 


TABLE III 

Lengths of Time from Pcantinc and Beginning of Treatments to the 
Initiation of Anthksis 


Experiment 

Number of Days from Pi.ANTiN<i to: 

Number of Days 
from Beginning of 
Treatments to 

_ . __ 

Beginning 

of 

Treatments 

First Anthesis of 

Period of 
Maximum 
Anthesis 

First 

Anthesis 

24 

Beginning of 
Maximum 
Anthesis 

Test 

Plants 

Short 

Day 

Plants 

Ipomoea kederacea I 

40 

64 


70 80 

30 

4* 44 JJ j 

4 

31 

. i 

35-41 

27 

31 

“ « Ijl 

5 

35 

36 

36-43 

30 

31 

« “ IVa 

28 

64 

52 

56-06 

26 

28 

« « IVb 

28 

56 

52 

66-66 

28 


Ipomoea purpurea I 

' 40 

61 

. .. 

65 80 
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SUMMARY 

Plants of Ipomoea* kederacea and /. purpurea exhibited photoperiodic after¬ 
effects in various degrees when transferred to long photoperiods after having been 
exposed to various numbers of 9 hour photopenods. In general, more short 
photoperiods were necessary to induce anthesis than flower bud formation, and still 
more to induce fruit formation. The phqtoperiodic aftereffects were generally 
more pronounced with an increase in the number of short photoperiods to which 
the plants were exposed and with an increase in the age of the plants at the time 
the treatments were begun^ but reproductive development was not as extensive 
in the transfer plants as in those retained under short photoperiods from the 
beginning of the treatments to the end of th^ experiments. 
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A pale yellow-green strain of 1. hederacea exhibited more marked photoperiodic 
aftereffects than plants of the dark green strain of this species, and the aftereffects 
in /. purpurea were less marked than in either strain of 7. hederacea. 

Except in one experiment, flower buds developed on pl^ts of 7. kederacea 
retained under long photoperiods, indicating that this species is not strictly a 
short day plant, although the added influence of the short day treatments was 
clearly evident. In 7. purpurea flower buds developed only on plants exposed to 
2 or more short photoperiods. 

Terminal flower bud formation occurred only after exposure to minima of from 
2 to 7 short photoperiods in 7. kederacea and 8 to 17 short photoperiods in 7. pur- 
purea, and was much more frequent in the former. This resulted in the formation 
of dwarf plants, many of which were bushy and some of which had main stems as 
short as 8 cm. The plants on which experiments were begun when they were very 
young were shorter than those on which treatments were begun later. Branching 
was in general more extensive on the plants with terminal flower buds, but some 
of these did not branch because all lateral buds had developed into flower buds. 

The minimum number of short photoperiods which induced anthesis in L 
purpurea was 3 and the minimum in 7. kederacea was 2, except that in one exper- 
raent on the yellow-green strain of the latter species even the plants retained tmder 
long photoperiods bloomed. Anthesis began in from 21 to 30 days after the begin¬ 
ning of the treatments. Initial anthesis occurred about the same time in some of 
the transfer plants as in those retained under short photoperiods. The number 
of short photoperiods necessary for induction of fruit formation was about the 
same as that for the initiation of terminal flower buds. 

Plants of the dark g^n strain of 7. kederacea exhibited photoperiodic after¬ 
effects after the application of localized short photoperiods to one leaf, but these 
aftereffects were much less marked than those in comparable plants exposed in 
their entirety to short photoperiods. 

The writer wishes to acknowledge his indebtedness to Dr. B. S. Meyer of the 
Ohio State University for helpful suggestions during the progress of this investi¬ 
gation and for criticisms of the manuscript. 
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Human Heredity in Picture Form 

In this book the author has presented the thesis that many common normal traits run in 
families and make fascinating material for studies in human heredity. Photographs and descrip¬ 
tions are offered of about 2(w such traits. For those who have gotten the impression that only 
the abnormalities stressed by many authors are genetic, the book brings a refreshing viewpoint 
on normal and benign variations. For the serious student of genetics, however, the book is 
disappointing. References to literature are poorly chosen. Older literature is often cited and 
modem interpretations ignored. Many of the subjects discussed have no citations at all, although 
good papers exist. 

The phylogenetic relations of genes are badly mishandled. This reviewer has on numerous 
occasions pointed out the lack of understanding of matters of genotype equilibrium on the part 
of writers on human heredity. The author of this book says, for example, (p. 109) “Since about 
66 per cent of individuals can roll the tongue, this trait may be a dominant one," 

Psychologists will find much to disagree with in the book, particularly in the chapter on 
temperaments and special abilities. Even the most genetically-minded psychologist (or biologist) 
wpi find it difficult to acc^t a genetic basis for such a trait as good taste in dress. 

A chapter is included on sex and sex-determination, and a glossary of 91 terms and an index 
complete the book.—L. /f. Snyder. 

Family Treaattrera, by David D. Whitney. 299 pp., 234 fig. Lancaster, Penna., the Jaques 
Cattell Press, 1942. $3.60. 



THIRD ANNOTATED LIST OF PHYMATA PREY RECORDS 
(PHYMATIDAE, HEMIPTERA) 

W. V. BALDUF* 

University of Illinois 

During the three years 1938, 1939 and 1940 I made a study of the prey utilized 
by our common ambush bug, Ph^maia pennsylvanica americana Melin in the 
vicinity of Urbana, Illinois. The method employed was direct search for the 
predator as it occupied flowers, mostly wild, growing along roads, ditches and 
pastures. When Ph 3 nnatas were discovered possessing prey, the latter was taken 
from their grasp and placed in a vial with notes identifying the ambush plant and 
stating whether the preying bug was single, and if so its sex, or coupled or mating, 
or in some other combination to be described below. Throughout the project I 
included prey specimens found dead under circumstances that left no reasonable 
doubt that they had been killed and discarded by PhymcUa, These, however, 
represent less than 10 per cent of the total. Excepting a few from fifth instar 
nymphs, all the prey recorded during the study pertained to adult bugs. 

The present report, which is intended as the last of this series, embraces the 
records for 1940. The annotated lists for the preceding two years have already 
been published (Balduf, 1939, 1940). 


TABLE I 

Insect Prey of Pkymatat 1940 


Systematic Position of Prey Taken 

Specimens 

Captured 

Inclusive 

Dates 

Genus 

Species 

Family 


COLEOPTERA 




Dujtbrotica. .. 

tit-punctata (Fabr.). 

Chrysomelidae.. 

10 

VIM7: X-5 

Diabrotica . 

longuornis Say. , ., 

Chrysomelidae... 

1 

IX-6 


Hymenoptera 




Amblyleles 

hrevicinctor (Say) .. . 

Ichneumonidae. 

1 

VIM7 

Porizon . 

sp . . 

Ichneumonidae.. 

1 

VIM9 

MicrobratSim .... 

tmmeeps Mues 

Braconidae .. . 

1 

VI1-19 

Bassus . 

annulipes (Cr.) ., ., 

Braconidae . . 

2 

IX-2 

Urisigalphus .. 

femoraius Cwfd .. ,, 

Braconidae .. .. 

2 

IX-7: IX-9 

Apanieles . 

forbest Vier . 

Braconidae. 

1 

IX-19 



Pteromalidae.... 

1 

IX-19 

Apis . 

mellifica Linn .... 

Apidae. 

8 

IX-4: X-5 

Bombus . 

Cress. 

Bombidae. 

1 

IX-11 

Agaposiemon ... 

radiatus (Say) ,.. 

Andrenidae. 

2 

VIII-9: IX-16 

Calliopsis . .. 

andreniformis Sm . ,. 

Andrenidae. 

6 

VII-26: X-21 

Andrena . 

nubecula Sm. 

Andrenidae... 

1 

IX-4 

Halictus . 

provancheri D. T 

Halictidae. 

8 

VIM7: IX-28 

Halicius . 

stultus Cress. 

Halictidae. 

4 

VIM9: XI-2 

Halictus . 

coriaceus . 

Halictidae. 

1 

VII-25 

Halictus . 

pruinosus Robt. 

Halictidae 

1 

VII-26 

Halictus . 

Ugatus Say. 

Halictidae. 

1 

VU-26 

HaUctus . 

aloipennis Robt.. ... 

Halictidae. 

1 

VIII-9 


^Con^bution No, 223 from the Entotnolc^ical LaboratorieB of the University of Illinote* 
1 am aeain indebted to Mr. C. P. W. MuesebecK and several hla scientific staff in the United 
States National Museum for determining the prey insects r^orted here. 
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TABLE I—(Continued) 


Systematic Position of Prey Taken 

Specimens 

Inclusive 




Captured 

Dates 




Genus 

Si^ecies 

Family 




Hymenoptbka 





(Continued) 




Halicius 

versaius Robt , 

Halictidae 

17 

IX-6: X-28 

Haltctus 

spp 

Halictidae 

8 

IX-19. X-28 

Augochlorella 

striata (Prov.) . . 

Halictidae 

1 

lX-28 

Paralictus . 

platyparius Robt 

Halictidae , 

1 

X-6 

Coehoxys 

octodentaia Say. . .. 

Megachilidae 

J 

VI1-26 

Hylaeus 

stevensi Cwfd. . 

Hylaeidae 

1 

lX-14 

Epeolus , 

btjascmtus Cress 

Nomadidae 

1 

IX-3 

Pntlanthus 

ventilabns Fabr, ., 

Sphecidae 

1 

VIJ-17 

Sphtx , . 

placidus (Sm.) 

Sphecidae 

5 

Vir-20: VII-26 

I^rropsis 

disttncia (Sm.) 

Sphecidae 

1 

IX-7 

Crabro 

sp . 

Sphecidae 

1 

IX-26 

Psen 

cressont (Pack.) 

Sphecidae 

1 

IX-28 

Cercerts 

finitima Cress 

Sphecidae . 

1 

VI1-20 

Cercerts 

clypeaia Cress 

Sphecidae 

1 

VII-25 

Cerceru 

sp . . 

Sphecidae , 

1 

IX-14 

Neoformtca 

. 

Formicidae 

6 

VrM7. VII-26 

Formica 

palUdefutva 





nittdtvenfns Em 

Fonnicidae 

1 

JX-11 

Formica 

pallidefulva schaufusst 

Fonmcidae . 


IX'26 


incerta Em. 

1 


Lepidoptera 




Ascia 

rapae (L.) 

Piendae 

2 

VII-25: IX-28 

Cohas 

philodtte pkihdtce Godt. 

Pieridae 

2 

IX-11: IX-13 

Colias 

eurytheme Bdv., . 

Piendae j , 

8 

IX-28: X-28 

Everes 

comyntas comyntas Godt. 

Lycaenidae . 

3 

Vn-2S; IX-12 

Poliles , . 

themistocles (Latr.) , . 

Hesperiidae 

1 

IX-12 

Pyrgus 

communis communis 




Schinia 

(Gr.) 

actgera Gn ... 

Hespenidae 
Phalaenidae . 

2 

1 

IX-12: IX-21 

rx-19 

Rhodophora 

(A. & S.) . 

Phalaenidae 

1 

VIII-8 

Tarachidia 

candefacta Hbn ? . 

Phalaenidae 

1 

IX-7 

Prodenia 

ornilncgalli Gn .. 

Phalaenidae 

1 

X-6 

Feltta 

subgothica (Haw.) 

Phalaenidae 

24 

IX-7: X-5 

Caenurgtna . 

erechlea (Cram.) 

Phalaenidae 

2 

1X12 

Crambus 

albellus Clem?. . , 

Crambidae 

1 

IX-16 

Scythris 

sp. ... 

Schthridae . 

1 

XI-2 


Diptkra 




Eugnoriste ,. 

Sciara 

brevirostns Coq .. 

Mycetophilidae, 

1 

VII-17 

sp. . 

Mycetophilidae 

5 

IX-21: IX-28 

Aedes . . 

vexans (Mg.). 

Culicidae 

3 

IX-16: IX-26 

Culex 

iarsalis Coq 

Culicidae.. , 

1 

IX-26 

Empis . 

clausa Coq. 

Empididae , 

8 

IX-14: IX-19 

Occem^ ,. . , 

S^mtpolius. 
Madisa . 

sp . 

Conopidae 

4 

IX-19: X-28 

/tt/wif (Wied.). 

sp . 

Bombyliidae, 
Chloropidae . 

16 

1 

IX-Il: IX-28 
IX-6 

HippeUUes .j 

sp . 

Chloropidae .. 

1 

IX-26 

Hytemya . 

sp . 

Anthomyidae . 

12 

VIl-20: IX-28 

Safcophaga, . .. 

tenudvenlris V. d. W 

Sarcophagidae 

1 

IX-11 

Sarcophaga 

salva Aldr. 

Satcophagldae. 

1 

IX-12 

Sarcophaga , , ,. 

jtnitotoMg. . 
Ihermini9n R. D . 

Sarcophagidae 

1 

IX-28 

Sarcophaga . 

Sarcophagidae. 

2 

IX-19: IX-28 

Sarcophagyi. , .. 

sp . 

Sarcophagidae.. 

1 

IX-19 

Senolainia . 

PolUma . 

sp. 

Sarcophagidae. 
Calliphondae 

1 

IX-28 

rudis (Mg.). 

1 

IX-4 
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TABLE I—(Continued) 


Systumatic Position of Prey Taken 

Specimens 

Incxusive 

Dates 

Genus 

Species ^ 

Fanuly 


Cochliomyia . 

Diptera—(C ontinued) 
macellana (F.) . .. 

Calliphondae. .. 

2 

IX-7: rX-28 

LuciUa . 

illustns (Mg.).. . 

Calliphoridae . 

1 

IX-19 

StoTHOxys . . . 

calcUrans (L.) 

Muscidae . , 

1 

IX-16 

spp . . 

Tachinidae 

4 

IX-2 

Chaeiogaedta . 

ntoniicola Big 

Tachinidae 

1 

IX-3 

Voria 

ruralts (Fall.) . 

Tachinidae 

1 

IX.« 

Paradidyma 

sp . . 

Tachinidae .... 

1 

IXT2 

Winthemta. , 

sp. 

Tachinidae . . 

3 

IX-19 

Archytas 

^richi Tns . 

Tachinidae. 

1 

IX-28 

Hyalomya 

Tachinidae 

6 

IX-30: X-28 

Cxsiogaster . 

immaculata Macq 

Tachinidae 

1 

IX-30 

Cistogaster 

occidua (Wlk.) ., , 

Tachinidae . . 

2 

X-23 

SphaerophoTxa .. 

cylindrica (Say) 

Syrphidae 

3 

VII-25: IX-28 

Erisialis 

arbustorum (L.) 

Syrphidae . 

6 

VII-25: IX-28 

Erxsialis . 

tenax (L.) 

Syiphidae . 

7 

VIII-8: X-23 

Allograpta 

ohlif^ua (^y)... 

Syrphidae 

1 

VIII-8 

Syrtlta . ., 

piptens (L.) ... 

Syrphidae , 

8 

IX-16: X-23 

Syrpkus , . 

medemanni Johns 

Syrphidae . . . 

2 

IX-3: IX-12 

Syrphus . 

sp . , ■ 

Syrphidae 

I 

X-23 

Mesogramma 

geminata (Say) . . . 

Syrphidae 

1 

X-23 

Ckrysopa 

Neuroptera 
plorabunda Pitch. , 

Chrysopidae , .. 

1 

IX-12 

Cortsus 

Hkmiptera 
lateralis Say , . 
pratensis (L.) 

Conzidae 

1 

VII-20 

Lygus 

Mindae 

4 

VII-20: X-17 

l>ygus 

pralensts obhneatus (Say) 

Miridae 

1 

IX-2 

Lygus 

pratensis strigulatus 
(Wlk.) . 

Miridae 

1 

IX-6 

Plagtognatkus . 

j Uhl , . 

Miridae. . 

5 

IX-3-. IX-30 

Ad^phocoru . . 

raptdus (Say) j 

Miridae . . 

9 

VII-27: X-21 

Perioalus 

hmbolarius Stal 

Pentatomidac 

1 

IX-2 


SUMMARY 

The list for 1940 embraces 97 species and a few varieties represented by a total 
of 228 individuals, all of which were insects in the adult state excepting an advanced 
nymph of the common mirid bug, Adelpkocoris rapidus. These species belong to 
six orders—Coleoptera, Hymenoptera. Lepidoptera, Diptera, Neuroptera and 
Hemiptcra. A large part of the total is b^s, moths and flies. Members of the 
holometabolous orders again constitute by far most of the prey, or 92.36 per cent 
as contrasted with 7.64 per cent Heterometabola. This ptroominance of Holo- 
metabola merely signifies that chrysomelid beetles, moths, butteries, bees, wasps, 
ants and many kinds of dipterous flies take as a considerable part of their food the 
pollen, petals or nectar of flowers and by that practice attract their predatory 
enemy Phymala to the same situations. 

Moreover, as in 1938 and 1939, the prey value of the several species composing 
the list exhibits great plasticity. Were records of the present kind taken for years 
without end, they would obviously continue inddinitely to be characterised by 
such variation. The causes lie, in general, in the fluctuations in the climatic and 
biotic influences that surround the insect fauna evetywhere. Some species appear 
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for the first time in this list, while others present in 1938 and 1939 are lacking from 
it, and those represented consistently in all the three years played changing roles in 
respect to their quantitative prey value. 

FEEDING COMBINATIONS 

Of the 228 instances of predation reported for this year, the sex of the preying 
phymatid was noted in 268. The several preying combinations and their relative 
frequency are summed up in Table II. 

TABLE n 

Preying Combinations 


PRKV Fed on by 

Number 

Per Cent 
OF Total 

Prey Fed on by 

Number 

Per Cent 
OF Total 

Single males. 

61 

22.75 

Mating males. 

0 

0.00 

Single females. 

131 

48.85 

Mating females 

5 

1 85 

Coupled males. 

6 

2.28 

Both sexes of mating 



Coupled females. 

51 

19.04 

pairs , ,,. 

1 

0 36 

Both sexes of coupled 



Other combinations 

6 

2 28 

rto 

7 

2 59 




L 9 ant 

f 




i 



Grand totals ... . 

268 

100.00% 


It will be seen that 71.50 per cent of the 268 prey insects were found in possession 
of single male or female captors, i. e., Phymatas neither coupled nor in copulo; 
that 19.04 per cent was captured by females of coupled pairs as against only 2.28 
by males of couples; that five females engaged in freding while mating as compared 
with no males feeding alone in that relation. In one instance, the members of a 
mating pair fed simultaneously on a small mirid bug, Plagiognathus politus. 

Counting all the above feeding bugs as individuals, i. e., disregarding the several 
paired combinations, I find males were concerned in only 81 instances whereas 
females totaled 199. In other words, 29 per cent of the feeing was done by males 
and 71 per cent by the females. The corresponding data for 1938 were 25.9 and 
74.1, and for 1939, 17.9 and 82.1 per cents. These figures give a three-year average 
of 24.27 and 75.73 per cent, for male and female, respectively, showing that, on the 
whole, the females capture and feed approximately three times more frequently 
than the males. In general they also utilize larger insects than the males secure. 
In terms of actual quantity of food substance ingested, the females may be con¬ 
servatively estimate to take four times more quantity of food than the males, 
h^ore or less complete data taken during the three years show that the sex ratio 
annually averted approximately 1:1. This normal intersexual disparity in 
rate of feeding is correlated with the much greater bulk of sexual products, expressed 
in terms of eggs, dev^oped by the female. This correlation is indicated also by 
weights of almost 500 males and females collected on seven different dates between 
July 17 and September 28, the period representing the inception, and rise to the 
pesik, of sexual productivity. On July 17, the averse young male weighed 0.0210 
gr. and the femtde 0.0340 gr., or 1.63 times the weight of the male, while on Sep¬ 
tember 2, the respective weights had mounfed to 0.0270 and 0.0540—the average 
female weighing twice the average male. This greater rate of acceleration m 
weight in the female runs parallel with the greater bulk of sexual products yielded 
by this sex. ^ermatogenesis requires a smaller quantity of nutriment than 
oOgenesis. 
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In addition to the majority feeding combinations noted above, the following 
unusual cases deserve brief description. 

1. Two males and a female feeding together separately on a Sph^ placidus, 

2. Male and female feeding separately and simultaneously on an Eristalts arbuslorum. 

3. Female of a coupled pair feeding on an adult of Adelphocoris rapidus while the mate fed 
on a chloropid fly, Madiea sp. 

4. Two males feeding on a screw worm fly, Cochliomyia macellaria, while only one of them 
held the captive. 

6. A male holding a wasp, Psen cressoni, with one front leg and an anthomyid fly, Hylemya 
sp., with the other. Both captives were dead; liad doubtlessly been captured and killed by 
this bug. 

6. A female holding a dead bee, Halictus versalus^ with one front leg and another bee of the 
same si>ecies with the other. The bug was feeding on the latter captive. 

7. The female of a coupled pair had just captured a moth, Feltia subf>othica —the latter 
fluttering vigorously as I came upon the scene. Within a minute, the bug drew the resisting moth 
in reach of her proboscis. In another minute the deadening injection had inactivated the moth. 
Sitting on his mate's back during this period, the male now moved forward to come in on the kill. 

8 . A female was found holding to the head and thorax of a tachinid fly and seemed to be 
feeding. Considering that Phymata has not been seen to date to seize dead insects and that the 
body of the fly was tom raggedly, I suspect some chewing predator—wasp or beetle—had eaten 
away the abdomen and a part of the thorax of the fly which Phymala had captured and killed. 

9. A male Phymata held with one front leg to the extended siphon of an adult FelHa sub- 
golhtca that had approached a flower of Aster muHtflorus to feed. Having grasped the siphon near 
its apex, the bug was unable to draw the moth within reach of his stylets to inject the inactivating 
fluid. The moth fluttered violently, shaking the plant sharply, and threatened to jerk the bug 
from his perch. During the subsequent 10 minutes, the moth relaxed at intervals its efforts to 
escape, and in these lulls the bug renewed, without success, his efforts to make contact with his 
piercing organs. In the following 16 minutes the moth hung limp except for brief and feeble 
struggles, and in a few minutes more was dropped by the frustrated bug. Sixteen hours later 
Feltta was dead of exhaustion, while Phymata crawled about in perky fashion. At this time, the 
moth weighed 0.0354 gr., the bug 0.0167, or less than half his captive. 
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A NEW GENUS (DELTORYNCHUS) AND TWO NEW SPECIES 
OF LEAFHOPPERS (HOMOPTERA CICADELLIDAE) 
FROM MEXICO 


DWIGHT M. DeLONG 
The Ohio State University 

A Study of the Mexican leafhopper fauna has revealed many interesting species 
and records. The material which is herein described is one of the interesting new 
genera and species. 


Genus Deltoiynchus nov. 

Related to Mesamia but with a more produced vertex which is flat on the disc with the 
apex slightly upturned. The pronotum slopes definitely to the vertex. In lateral view the 
margin is thick and the face is somewhat convexly rounding from the clypeus to upper edge of 
vertex. The venation is simple in type with the second anteapical cell decidedly longer than 
the first and narrowed at middle. Genotype Deli&rynchus quadrinotus n. sp. 




Fig. 1. Lateral view of male genitalia as labeled. 

Deltoiynchus quadrinotus n. sp. 

A ydlowish species marked with orange and white and with black spots on margin of vertex. 
Lw^h 5 nun. 

Vertex product and bluntly angled, about one-fifth wider between eyes than median 
length. Head including eyes decidedly narrower than pronotum. Elytra long and narrow. 

Color ,—Vertex orangey margin more yellowish with four large black spots on margin about 
equidistant from each other and from the eyes. Pronotum yellow with a broad median trans¬ 
verse orange band. Scutellum orange on anterior half and yellow on posterior half. Elytra 
yellow subhyaline marked with brown except a large pale triangular spot on costa just brfore 
the middle and a smaller pale costal ^t just before apical cross veins. Large white areolar 
spots are prominent on clavus and in base of apical cells. Pace and beneath bright yellow 
unmarked. 

Genitalia ,—Male plate rather long, slightly indented on outer margin at about half its length 
then tapered to a blunt apex. Style rather broad at base, apical fourth narrow, apex curved 
outwardly. Aedeagus broadly U-shaped, rather thick at base with a long portion projecting 
dorsolly. The apical half is narrowed abruptly curved dorsally at two-thirds its length with 
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the apex bluntly rounded. The pygofer bears a heavy black spine on the ventral apical margin 
which extends caudally and bears several tooth-like spines on the inner margin. 

Holotype male and paratype males from Iguala, Gro., Mexico, September 11, 1939, and 
October 26, 1941, collected by C. C. Plummer, E. E. Good and the author. Paratype males are 
also at hand from Balsas, Gro., Mexico, August 16, 1930 (M. F, 1754) collected by J. Parra. 
One paratype male collected on the Cuernavaca Acupulca Road, August 24, 1936, by Balt and 
Stone is in the Ball collection. Holotypes and paratypes in author's collection. 

Deltorynchus spinosus n. sp. 

In general form, appearance and coloration resembling quadrinoius but with shorter, more 
bluntly angled vertex and with distinct male genitalia. Length male 5.5 mm. 

Vertex rather broad and bluntly angled, one-third wider between eyes than median length. 

Color ,—Vertex yellow, tinged with orange, with four black spots on margin. The two at 
the apex are larger and proximal with a smaller spot halfway between apex and eye on cither 
side. Pronotum yellow with a broad transverse median band which is about half as wide as 
length of pronotum. Pronotum yellow, basal angles brown. Elytra white with clavus, a trans¬ 
verse band just posterior to middle and another across apex of elytra brown. The transverse 
bands reach to the costa forming two large white costal spots one either side of the median cross 
band. Numerous white circular spots throughout the brownish coloration, especially larger and 
conspicuous on the clavus. Pace pale yellow. 

GenikUia .—Male plates triangular, concavely indented just beyond middle then tapered to 
a pointed apex. Aedeagus U-shaped with the posterior arm of the longer than the basal 
portion. In lateral view the basal portion is broad with a dorsally directed process which arises 
at the basal dorsal angle and is short and rather broad. The basal portion is abruptly narrowed 
at about half its length, then curved to form a long tapered and apktally pointed process. The 
dorsal caudal margin of the pygofer is roundedly sloping to the basal caudal angle from which a 
long black spine arises and curves dorsally around the caudal margin of pygofer and extends to 
the dorsal margin of the pygofer. 

Holotype male collected at Cuautla, Mor., Mexico, August 27, 1937 (M. F. 6247) by Dr. 
Dampf, in author's collection. 



STAINING INULIN CRYSTALS IN PLANT TISSUES* 


GLENN W. BLAYDES 
The Ohio State University 


Inulin, a levulosan, is found widely distributed among numerous angiosperm 
families. This carbodyhrate occurs in solution in the cell sap of some species, in 
others it accumulates as an amorphous material, and in some plants inulin crystals 
are found deposited in living tissues. Inulin stains brown in iodine and will not 
reduce Fehling’s solution. It may be precipitated as sphaero-crystals within the 
cells of some tissues when immersed in 70 per cent ethyl alcohol. The enzyme 
inulase in plant tissues hydrolyzes intilin to fructose. A microchemical test for 
inulin consists of treating freehand sections of plant tissues with a drop of 15 per 
cent thymol (15 grams of thymol dissolved in 85 cc. of 95 per cent ethyl alcohol). 
This treatment is followed by a drop of concentrated sulphuric acid. If inulin is 
present a bright red color is evident at once and soon disappears. If the inulin is 
in the form of crystals the red color becomes evident as the crystals dissolve. 

For class study, freehand sections are usually prepared and examined as tem¬ 
porary mounts, or they are mounted in glycerine jelly. These preparations are 
often unsatisfactory since beginning students have trouble finding the transparent 
crystals. Inulin crystals in glycerine jelly preparations often dissolve within a 
few months after mounting. 

The following method has been devised for the preparation of permanent 
microscopic mounts with the inulin differentiated^ by its reddish pink color when 
stained with phloxine. Inulin crystals in tissues prepared by this method 10 years 
ago are as satisfactorily differentiated and brilliantly stained now as when made. 
The aniline blue counterstain has faded in these balsam mounts. It is probable 
that this fading of the counterstain can be counteracted to some extent by mounting 
in xylene clarite. Further tests with clarite as the mounting medium are in progreSvS. 
Bismarck brown Y (certification No. CN-3) may be used as a coxmterstain instead 
of the aniline blue. It is much more permanent, but the color contrast is not as 
satisfactory as with the aniline blue. A saturated solution of Bismarck brown Y 
in 70 per cent ethyl alcohol may be used. Staining for 3 minutes gave the most 
satisfactory results. 

Dandelion {LeofUodan taraxacum L.) root is excellent as a source of tissue 
containing inulin. These roots should he collected during the summer or autumn. 
Roots collected during the winter period (Januap^ and February) have not proven 
satisfactory, apparently because of the low inulin content. Several fixatives have 
been tried, including formalin-acetic acid-alcohol and Camoy’s fliiids. Dissolution 
of the inulin crystals occurred in all these fixatives. At length 70 per cent ethyl 
alcohol was resorted to" as a killing agent, and at the same time causing cr 3 rstalliza- 
tion of the inulin. Some plasmolysis of cortical cells occurred. However, this is 
of little importance since the preparation is intended as a food storage demonstra¬ 
tion. Pieces of dandelion roots were cut into appropriate lengths and dropped into 
ithe alcohol, A faucet vacuum pump may be used to advantage in removing air 
from the tissues. Wittlake's (2) vacuum apparatus is ideal for this purpose. 


‘Papers from the Department of Botany, The Ohio State University, No. 469. 
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The following schedule outlines the procedure in detail: 

1. Use dandelion roots which are approximately in diameter and cut into 
blocks of about the same length. 

2. Place the pieces of root in 70 per cent ethyl alcohol (70 parts of 95 per cent 
ethyl alcohol to 25 parts distilled water). 

3. Remove air from the tissues by a faucet vacuum pump. Allow the alcoholic 
treatment to continue about 72 hours after pumping, or longer if more 
convenient. 

4. Complete the dehydration in 80, 95 and 100 per cent alcohols at intervals of 
3 hours. 

5. Transfer root pieces to ether-absolute ethyl alcohol (half and half mixture) 
for 3 hours. 

6. Pass through a 2, 4, 6, 8, 10, 12, 14 and 16 per cent collodion* series at intervals 
of 24 hours, ufting the hot method of Wetmore (1). 

7. Imbed in collodion on hardwood blocks and harden in chloroform for 12 hours. 

8. Store in glycerine-alcohol (half glycerine to half 95 per cent ethyl alcohol) for 
3 days or until needed. 

9. Section on a sliding microtome. Good sections for general study may be 
made from 24 to 30 microns in thickness. The knife should be sharpened after 
cutting about 5 sections since the inulin crystals rapidly dull the ^ge. Keep 
the knife and tissue block flooded with the glycerine-alcohol mixture 

10. Transfer the sections to 95 per cent ethyl alcohol, rinsing 5 or 6 times to 
remove the glycerine. 

11. Transfer to a half and half mixture of ether and absolute ethyl alcohol to 
remove the collodion. 

12. Rinse in 96 per cent alcohol. 

13. Stain in phloxine* (1 gram to 100 cc. of 90 per cent ethyl alcohol) for about 
10 minutes. 

14. Rinse sections in 95 per cent alcohol to remove the excess phloxine. 

15. Counterstain in aniline blue (1 gram to 100 cc. of 95 per cent ethyl alcohol) 
for 15 to 30 seconds. Care must be taken to prevent overstaining in the 
aniline blue. The inulin should remain a pinkish red color. If the inulin 
crystals absorb too much of the blue stain, restain by transferring to the 
phloxine again. 

16. Rinse in 95 per cent ethyl alcohol. 

17. Transfer to absolute ethyl alcohol for 3 minutes. 

18. Clear in xylene for 5 minutes. Wintergreen oil (methyl salicylate) may be 
used tp advantage tefore the xylene treatment. This must be short, however, 
since it appears to intensify the aniline blue and to cause the inulin crystals 
to appear piirplish, 

19. Mount in neutral balsam, or in xylene clarite. 

REFERENCES 

S Wetmore, R. H. The use of collodion in botanical technic. Stain Tech., 7: 37-62. 1932. 
Wittlake, Eugene B. An efficient vacuum apparatus for microtochnic. Ohio Jour. Sci., 
42: 65-69. 1942, 


«(>nodion Cotton or Pyroxylin, prepared and sold by the J. T. Baker Chemical Co., Phillips- 
burg, N. J., is excellent and inexpensive for this purpose. 

•The phloxine originally used was manufactured by Coleman and Bell, Norwood, Ohio. 
More recent tests have been made with phloxine from The National Aniline & Chemical Co.. 
New York, N. Y., certification No. 9. total dye content 82 per cent. 



A DEVICE FOR OBSERVING LIVING PISH EMBRYOS 
AT CONTROLLED TEMPERATURES 


JOHN W. PRICE 

Department of Zoology and Entomology 
The Ohio State Univeraity 

In many species of fishes, living embryos together with their yolk sacs lie 
partially suspended within the perivitelline space. They rotate freely when the 
eggs are disturbed, but otherwise they assume a position of equilibrium in relation 
to the center of gravity. During cleavage stages, the early blastomeres and later 
the blastoderm at the animal pole are uppermost. During gastrulation, the center 
of gravity may shift as oil globules disappear or coalesce and the embryo grows 
forward from one side of the germ ring. As a result, before the hatching stage is 
reached, the embryo at different times may appear to be attached to the yolk at 
its side or below or above it. 

Such changes in relative position of the fish embryo in relation to the yolk 
sac make desirable its observation through a microscope held in a horizontal 
position. At such an angle, the embryo may be viewed in profile against an illirmi- 
nated background, rather than by reflected light against the yolk as a backgroxmd. 
From the vertical position, the observation of cell boundaries of the superficial 
blastomeres and the topography of the’relatively translucent embryo is not satis¬ 
factory. 

The device described below permits the observation of such embryos in profile 
from the side view, and at the same time under controlled temperature conditions. 

The essential features of this apparatus, showii in the accompanying figures, 
include a series of glass tubes which convey non-adhesive fish, eggs into the field 
of vision of a binocular dissecting microscope. The eggs are view^ from the side. 
A lighted background throws the blaatodisc or embryo into bold relief. Prechilled 
water, flowing over these eggs at a controlled rate, makes possible the retention of 
temperatures below that of the surrounding air and provides an ox3:gen supply 
to the eggs while they are being examined. 

The design of the apparatus is evident for the most part from the drawings 
of the front view (Fig. 1) the side view (Pig. 2) and the detail of the tubes that 
bring the eggs into the field of vision (Fig. 3). The box-like wooden base has four 
sides. From its front and rear sides rise standards at the angle desired to give a 
slight tilt to the microscope bolted to the front at the top (See Pig. 2). The 
U-base of the microscope projecting above the wooden base gives an anchorage to 
theKwire basket support of the tubing and thermometer. A focusing lamp in its 
housing is mounted on a vertical rod behind the wire basket, and the flat top of the 
wooden frame permits the use of a liquid heat filter in front of the lamp housing. 

The rubber tubiiig, fhe straight glass tubing and the Y- and T-tubes used are 
of standard laborato^ design. Metal screw clamps at E and H are used for main¬ 
taining a controlled steady flow of water, while pinch clamps are used elsewhere 
to obtain an on and off effect. The two T-tubes between positions A and B in Pigs. 
1 .nnd 3 are of such a size as to permit the insertion of the base of a thermometer at 
B and of two straight glass tubes at A which carry the eggs as desired into the 
field of vision at B. These inside tubes are just large enough to carry eggs freely 
itx ^ngle file without their piling up. The thermometer bulb acts as a barrier to 
their further passage at B. The rubber tube which seals the union between the 
T-tube and the stem of the thermometer permits the thermometer to be drawn 
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slightly out of the T-tube sxifl&cient to clear the end of the horizontal tube and per¬ 
mit the passage of eggs out of the system into the catch basin to the lower right, 
when the clamp at I is opened. 



Pigs. 1-8. Apparatus for observing living fish embryos at controlled temperatures. Figure I 
fig. 2, the side view; fig. 3, detail of tubes that convey - ' 


shows the front view; 
the field of vision. 


eggs into 
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The temperature inside the egg chamber, A-B, is read directly from the ther¬ 
mometer at B, The wires of a thermocouple may be wrapped around the bulb of 
the thermometer and their free ends connected to a galvanometer- The writer 
made such thermocouple readings with a Leeds and Northrup potentiometer, but 
when these readings were found repeatedly to be in close agreement with those of 
the thermometer used, the thermocouple was dismounted. 

Effective temperatures below that of the surrounding air are obtained by 
siphoning prechilled or ice water from the supply vessel at the upper left along the 
route F, A-By to the catch basin at the lower right. As water enters the hori¬ 
zontal double tubing from f, it flows through both the inner tubing over the eggs 
and outside this tubing. At the point of water entrance, A in Fig. 3, it is essential 
to have an open joint in the inner tubing, permitting the entrance of water as 
shown. The rate of flow of water is controlled by regulating the screw clamp 
at H, Temperatures on the eggs at B are elevated by a decrease and are depressed 
by an increase in rate of water flow. A further depression of the temperature may 
be brought about by packing the wire basket with cracked ice. Waste water from 
the melted ice follows the wicking into the drain can. The moisture that collects 
on the outside of the egg-conveying tube when temperatures below the dew point 
are reached is flushed off by a steady flow of water onto that surface from the 
pipette E regulated by the screw clamp above it. 

Eggs to be observed with this device are introduced into the system by 
removing the glass tube C from its lower connection at G, and using it as a siphon 
for drawing eggs from the incubation jar. This tube also should carry eggs in 
single file. This tube, once filled with eggs, is connected with the rubber tube and 
held vertically in a clamp at G, During this operation, the flow of ice water from 
the supply jar is momentarily checked by the pinch clamp above the main line 
at F. The pinch clamp below G is then opened and the eggs pass into the hori¬ 
zontal tubing. The two lengths of inside tubing dX^A are then held end to end by 
hand pressure, and the eggs are drawn into the observation area of the tube A-By 
against the bulb of the thermometer at B. 

Preliminary to the examination of eggs, certain adjustments must be made. 
These include the focusing of the lamp, the placement of its water filter, the filling 
of the wire basket with ice, and the regulation of the temperature at B as desired 
by starting the siphon flow of water and its regulation at the screw clamp H. In 
addition, the screw clamp above E is adjusted to p^uce a water film over the 
outside of the observation tube. Once these preliminary adjustments are made, 
a dozen or more eggs may be introduced. Since the tube A-B \s free to be moved 
in the wire-basket frame, it can be shifted from left to right to permit the exam¬ 
ination of a number of eggs simultaneously. Once examined, eggs may be released 
by elevating the thermometer bulb as described above, and additional eggs be 
brought into the field of vision. 

This device, while undoubtedly still subject to considerable refinement, has 
proved especially helpful in bringing such eggs into a profile view for protracted 
periods of observation. It was developed as a means of enabling the writer to 
observe the chronological sequence in fish embryonic bodily movements that are 
characteristic of certain egg stages, and to study bloodflow and heart rhythm at 
given desired temperatures. For prolonged observation of fish embryos incu¬ 
bated at temperatures below that of the laboratory air, a continuous flow of fresh 
aerated water controlled as to temperature is desirable. The above device has been 
found to provide these conditions reasonably satisfactorily. It lends itself for use 
with non-adhesive fish eggs of different diameters, since the egg-wnveying hori¬ 
zontal tube may be replaced by one of any desired diameter, within limits usually 
encsountered in such material. 
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Hivtorical Geology 

The late Professor Charles Schuchert hoped to complete within his lifetime a truly compre¬ 
hensive treatise on the historical geology of North America, although it now eeems that three 
volumes, the second of which has just appeared, are to constitute his contribution. But what a 
monument to his life's devotion to stratigraphy and paleontology these will be,—truly the 
stratigrapher’s wade mecum] This is no cold lexicon of stratigraphic units, but a warm synthesis 
of the ever more complex facts and inferences concerning the stratifi^ rock record of ^is 
continent, based upon years of field work and digests, bec^m in 1904, of hundreds of geological 
books and papers. The first volume, appearing in 193o, dealt with the Antillean-Caribbean 
region, including the Gulf Coastal Plain area. The second volume, summarily reviewed hero, 
covers the 30 eastern and central states, including Texas. The third volume, which the pub¬ 
lishers assure us is wdl advanced in preparation, will discuss New England, the Maritime 
Provinces, the rest of eastern Canada, central and arctic Canada, the Arctic Archipelago, and 
(^eenland, “together with the philosophical conclusions and paleogeQg;mphic maps." In his 
introduction to the second volume. Professor Schuchert bequeaths to hia successors “the Cor- 
dilleran wonderland/' Nor has he made any attempt to give pre-Cambrian local histories, or 
any of the Pleistocene. 

The plan of the book is simple and direct: the stratigraphy of each state is considered sep¬ 
arately, but each is related to its neighbors and stratigraphic province. They are firouped in 
eight sections, following an introductory chapter on stratigraphic terminology: (1) New York, 
the standard for correlation of the Ordovician, Silurian, and Devonian in the eastern and central 
United States,—“No more fossiliferous or better understood formations exist than those of New 
York" ; (2) the eleven states lying across the Appalachian geosynclme beginning with Penn- 
^Vania and New Jersey and extending down and around to Mississippi; (3) the Amntic Coastal 
Plain; (4) the states athwart the Cincinnati geanticline; (5) the states conditioned by the Osark 
dome; (6) Wisconsin and Minnesota; (7) the eastern plan states; and (8) the states north and 
west of the borderland Llanoria. After introductory remarks on the general geological relations 
of each section, there follow separate chapters on the states, each of which includes an historical 
rdsum^ of geological work, the major structural features, and the stratigraphic ^uence, the 
last being a detailed catalogue of the rock units, beginning with the olcmt and including the 
course and date of the name, lithology, thickness, abundant references to significant literature 
(especially since 1910), important fossils, and correlations. The number of stratigraphic units 
thus treated is around 2500. Where significant stratigniphic breaks occur between formations, 
they are indicated and their meaning discussed. In spite of dimination of superfluous verbiage 
and employment of a standard set of abbreviations, the whole, as may be expected, forms an 
imposing volume. The three plates display portraits of leading ^erican geologists; the 78 
correlation charts and 123 figures, mostly geologic maps and sections, sharply stratigrophic 
relations. 

There can be no criticism of this work as a whole,—there is no similar modern compendium 
of American stratigraphy treated from the standpoint of sequence and significance,—and its 
^emendous value to all geologists, at home and abroad, is at once apparent. There will be 
innumerable critics of special points: “He hasn't mentioned so-and-so's work in such-and-such 
county,” “He has incorrectly quoted my results on the forams of this-and-that well,” “Apparently 
he never saw the section on thus-and-so creek,” and so on* No one can hope to bring togeth^ 
so much data without occasional nods, and to sift it without missing a few grams or even occa¬ 
sionally dropping a brick. Will any of the rest of us ever have the courage and fortitude to produce 
a comparable landmark in American geology? Probably not.—J. W, Wells. 

Stratigraphy of the Eastern and Central United Statea» by Charles Schuchert. xvii—1018, 
78 charts, 123 figs., 3 pis. New York, John Wiley and l^ns, 1943. $15.00. 



ON SOME AMERICAN AND ORIENTAL EARTHWORMS 


PART I 

G. E. GATES*' 

Judson College, Rangoon, Burma, and 
The Ohio State University, Columbus, Ohio 


This article contains descriptions and notes on distributions of earthworms 
sent recently to the Zoology department of Ohio State University for identifica¬ 
tion. Included among this material is the first specimen of the large Indian earth¬ 
worm, Drawida grandis (Bourne) 1886, that has been available for study since the 
species was first described; the first specimens of Drawida from the type locality 
of D. barwelli (Beddard) 1886 that have been examined since the erection of that 
species; several specimens of one or possibly two species of the little known Phil¬ 
ippine genus Plionogaster and material belonging to new species of five Monili- 
gastrid or Megascolecid genera, including five new species from the United States. 
Although specific identification of the Plionogasters is at present impossible, study 
of this material has enabled recognition of the nature of the excretory system which 
is of a mixed type with both meganephric and microncphric tubules, the mega- 
nephridia enteronephne and resembling those in Lampito. 

In connection with the section on Diplacardia, attention is once again (vide 
Gates 1920a and ft) directed to the fact that much work, even of the most elementary 
nature remains to be done on the earthworms of thie United States. Very little is 
known of the earthworms in that portion of the country below the southern limit 
of glaciation where native species are most to be expe('t^ It may be permissible 
to express a hope that if war, inflation or high taxation prevent continued organ¬ 
ization of costly expeditions to distant tropic and arctic regions, American zool¬ 
ogists will turn their attention to their own front yards, for instance to Alabama, 
^uth Carolina, Tennessee, Kentucky, Virginia, Arkansas, Oklahoma and Kansas 
with no records of Diplocardia hitherto, Mississippi and Texas with one record 
each hitherto, Georgia with two records, North Carolina with four records. Even 
in those northern states where some work on distribution has been done (Illinois, 
Indiana and Ohio), the gross morphology of the earliest named species is so inad- 
^uately characterized that recognition of intrageneric relationships is difficult or 
impossible. Attention of those in museums and biological surveys is also directed 
to the fact that types of nine or ten of the few known endemics are in European 
museums, that types of other endemics were probably destroyed in the San 
Francisco earthqu^e, and that the location and condition of other types is 
unknown. With possibility of further destruction of types during the war and to 
provide reference material for local workers, series from all of the type localities 
should be collected at the earliest opportunity. 

The writer is indebted to Prof. R. C. Osbum for the privileges of the Zoology 
department during the academic year 1940-41, and to Prof. W. M. Barrows for 
the collection and careful preservation of the Florida forms. 


'Visiting Professor in the Department of Zoology and Entomology of The Ohio State 
University! Id40-41. 
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Family MONILIGASTRIDAE 
Genus Drawida Michaelsen 1900 
Drawida boumei (Michaelsen) 1897 

Material examined. Slides, from the U. S. Nat. Mus. with sagittal sections of a half 
portion of an anterior end of a specimen, presumably from Ceylon, presented to 
Prof. Frank Smith by Dr. W. Michaelsen, 

Internal awa/omy.—-Gizzards appear to be in xv-xviii. Recognition of boundaries of the 
male funnel is difficult but the testes appear to be attached to an anterior portion of the fimnel 
which is lo<‘ated immediately above the region of attachment to the testis sac of septum 9/10. 
The vas deferens is certainly looped in front of 9/10 (probably also behind 9/10) and passes 
into the anterior face of the prostate without first i>assing into the parietes. The prostate is a 
longitudinally ellipsoidal botiy sessile on the parietes. The spermathecal duct is slightly thick' 
ened in the parietes, the widened portion ovoidal with narrower end ectally. The oviducal 
funnel is continued dorsally on the septum to a point just above the aperture into the ovisac. 

Remarks. — D. bournet is one of a group of forms with * ‘muscular* * prostates. The taxonomic 
status of each of these species except D. grandis is still unsettled. It is very doubtful if 
information of much importance in connection with these problems can be obtained from sec¬ 
tions such as those of D. bournei. After study of that material and of sections of Syngenodnlus 
lamuensis Smith & Green 1919 and of the literature on other species known only from similarly 
prepared sections as well as of sections prepared by professional technicians the author is of 
the opinion that Stephenson (1923, p. 6) was quite correct as to the advisability of dissection 
in the study of unique types and limited series. 

Drawida grandis (Boiime) 1886 

Material examined. —Valley above dhobi quarter, 300 feet above town towards 
Government House, by dam, Ootacamund, South India, November 15, 1932, 1 
anterior fragment {ca. 180 mm. long). G. E. Hutchinson per Dr. Grace Pickford. 

External characteristics. —Diameter 11 mm. Pigment unrecognizable. Prostomium pro- 
lobous, segment i partially retracted into ii. Nephropores begin on iii, those of vii-ix slightly 
displaced dorsally, posteriorly in cd^ not displaced on xii, apfiarently functional on x. Clitellar 
coloration unrecognizable. Setae are closely paired, ab and cd about equal, aa^bc. On viii the 
setae are one mm. from 7/8 and 4^ nun. from 8/9. Setae are located on the anterior halves of 
the segments throughout all of the fragment. 

The spermathecal pore of one side is a transversely placed slit on 7/8 on c, with protuberant 
wrinkled margins. On the other side the pore is on the ventral face of a rather conical pro¬ 
tuberance. The female pores are on 11/12, about on b. The male pores are transversely placed 
slits just lateral to b. No genital markings. 

Internal anatomy. —Septa 6/8'8/9 are thickly muscular. Gizzards are in xix-xxiii, but with 
strongly marked muscularity of the oesophagus in xvii and xviii. The postgizzard portion of 
the oesophagus is bent into a U-shape with the concavity facing the left side, the itiner wall 
provided with high vertical ridges crossed by longitudinal furrows. The intestine begins in 
xxxiv. No typhlosole. 

The last pair of hearts is in ix. Paired commissures are present on the posterior faces of 
8/9-9/10. The extra-oesophageals are lateral to the hearts. Nephridia are present in x. 

The left testis sac is displaced behind the ovarian segment. The vas deferens is in a 
number of fairly long hairpin loops on the anterior face of 9/10 and more closely compacted, 
shorter loops on the posterior face but the total mass of the loops is much smaller than that of 
the testis sac. The ectal portion is iridescent and passes into the median face of the prostate 
close to the parietes. The prostate is disc-shaped, of circular outline, about mm. in 
diameter, sessile on the parietes, the duct slightly and gradually narrowed ectally within the 
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parietes, the greatest thickness more than half that of the prostate. The lumen of the prostate 
is a narrowly slit-like, horizontal cavity, the roof with three irregular ridges. On the center 
of the floor there is a tiny slit the margins of which are wrinkled, this portion possibly capable 
of protrusion through the male aiierture as a sort of penis. 

The spermathecal duct passes into the septum fairly high up in viii and deep in the parietes 
is slightly thickened, the atrial portion rather elongately top-shaped. The lumen of the duct 
remains narrow but has an irregular course through the greater portion of the length of the 
atrium, in the ectalmost portion abruptly widened and with irregular walls, In this portion 
there is a tiny conical protuberance. Segment xi is reduced to a horseshoe-shaped ovarian 
chamber. Ovisacs extend into xii or xiv. 

Remarks .—Ovisacs are contracted, with thick walls, the Ivimen filled with a felted, dark 
brown material. There are no free ova in the ovarian chamber. Sjiennathecal ampullae are 
distended. The worm is probably in a late postsexual stage. 

Drawida sp. 1 

Material examined .—Valley above dhobi quarter, 300 feet above town towards 
Government House, by dam, Ootacamund, South India, November 16, 1032, 

1 mature specimen. G. E. Hutchinson per Dr. Grace Pickford. 

External characteristics .—Ixjngth 132 mm. Diameter 6 mm. Pigment unrecognizable. 
Prostomium prolobous, retracted under iii. Nephropores begin on lii, those of vni slightly 
displaced dorsally, not displaced on xii, apjmrently functional on x. Clitellar coloration 
unrecognizable. The setae are paired, a6 and cd about equal, aa and be about equal. 

The sperma thecal pores are transversely placed slits, not minute, on 7/8 in cd. Female 
pores are on the antenormost margin of xii just lateral to b. Male pores are transversely 
placed slits on 10/11 just lateral to the seminal grooves and hence in the lateral half of be. The 
grooves are longitudinally placed, rather irregular, clearly marked and fairly deep with slightly 
tumescent margins, extending across almost all of x and^to the setal arc of xi, crossing 10/11 
about at mid be. No genital markings. 

Internal anatomy .—Septa 5/fi-8/9 are thickly muscular. Gizzards are in xvi-xxi, the one 
in xvi small. The intestine begins in the region of xxxi-xxxiii. Enterosegmental organs are 
present. No typhlosole. 

The last pair of hearts is in ix. There is a pair of commissures on the anterior face of 8/9. 
Extraoesophageal trunks are lateral to the hearts. Nephridia are present in x. 

The right testis sac is dislocated jiosteriorly, the left sac approximately equally in ix and 
X. The vas deferens is fairly long and loojied on both sides of 9/10 but the mass of the loops 
is much less than that of the testis sac. No slender portion noted. The vas passes directly 
into the anterior face of the prostate near the enial end without first passing into the parietes. 
The prostates are rather ovotdal but with bluntly rounded ends, the ectal end broader, pro¬ 
tuberant into the doelomic cavity to a height of two mm., leaning slightly mesially, the duct 
restricted to the parietes and on the median side of the ventral face of the gland. The 
glandular portion (coelomic) is in the form of a crescentic to U-shaped band of pink, coarsely 
granular appearance placed transversely across the prostate, reaching mesially and laterally 
nearly to the parietes, the anterior and posterior faces of the prostatic capsule smooth and 
bate. Internally the proistate is lined with a slightly pink, soft layer. The cavity is closed 
off vcntrally and is eccentric due to the greater thickness of the floor. Into the transversely 
sliHike cavity within the body wall there is protuberant a rather indefinite, roughly conical 
but wrinkled bit of tissue, possibly a penis protrusiblo to the exterior through the male pore. 

The spermathecal atrium is thiclwalled, rather conical but with bluntly rounded dorsal 
Surface, protuberant into the coelomic cavity of viii, directed posteriorly, smaller than the 
prostates. The spermathecal duct passes into the median face di the atrium somewhat below 
the ental end. The lumen is U-shaped in horizontal section due to the presence on the anterior 
wall of a vertical ridge. The ovarian segment is reduced to a horseshoe-shaped chamber. 
Ovisacs extend into xv. 
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Remarks ,—Ovisacs are distended> yellowish and filled with ova but there are only a few 
loose ova in the ovarian chamber. Spermathecal ampullae are distended. Deferent ducts are 
slightly iridescent. The wonn appears to have passed the peak of sexual activity. 

Distinguished from D. malihai Michaelsen 1910 and sidcaia Michaelsen 1907, the other 
apecies of the genus with seminal grooves, by characteristics of prostates and spermathecal 
atria of sufficient importance to warrant erection of a new species. The single specimen has 
been dissected too drastically to be of value as a type. 

Drawida sp. 2 

MateruU Manila, Philippine Islands, October, 3 juvemie specimens. 

Zacharias de Jesus per Prof. R. C. Osbum. 

External chotacterutics. —Length to 75 mm. Diameter to 2H nxm. Unpigmented. 
Prostomium prolobotts. Nephropores posterior to xii, when recognisable, are in rd, on viii 
slightly dorsal to d, still less so on vii and anteriorly, not seen on ix-xii. Setae begin on ii but 
are partly lacking as far back as x; on xx, ab^cd^ Qa<bct dd but slightly greater 

posteriorly. 

The spermathecal pores are transversely placed slits with slightly wrinkled margins on 
7/8, on or just median to c. Female pores are on b, just behind 11/12. Male pores are trans* 
versely placed slits about in line with 10/11 on the ventral ends of conspicuously protuberant, 
columnar porophores seated across 10/11, slightly nearer to c than to b, the porophoros not 
distmctly demarcated laterally and mesially but apparently reaching nearly to b and c, sharply 
demarcated amteriorly and posteriorly by transverse furrows, the portion belonging to xi 
probably slightly larger than that belonging to x. 

Genital markings arc a pair of longitudinally placed areas of elliptical outline and epi* 
dermal thickening, sharply demarcated, in the lateral half of be on x, reaching anteroposteriorly 
nearly to 9/10 and 10/11. In addition there is just anterior and posterior to each male 
porophore a slightly depressed, indistinctly demarcated area of greyish translucence or 
especially homogeneous opacity. 

Internal anatomy .—Septa 5/6“8/9 are thickly muscular. Gizzards are in xii-xiv (1), xiv- 
xvii (1), xv-xvii (1). The intestine begins w xxvi (1), xxvii (1), xxviii (1). No typhlosole. 

The last pair of hearts is in ix (8). There are paired, vertical commissures on the posterior 
faces of 8/9 and 9/10. Extra-oesophageal trunks are lateral to the hearts. Nephridia are on 
the posterior faces of the septa and reach up to the< dorsal blood vessel. Preseptal funnels are 
close to the ventral parictes m the region of ab. Nephridia apparently are lacking in x. 

The testis sacs are constricted by 9/10 with approximately equal portions in ix and x. The 
vas deferens is very short, without loops in ix where it passes around the heart, with several 
loose hairpin loops in x, passing directly into the anteromedian aspect of the prostate slightly 
above the parietes without first passing into the body wall (3). The prostates are sessile on 
the panetes, the capsule whitish, top-shaped, an almost spheroidal portion sessile on the body 
wall, an antero-posteriorly flattened duct within the parietes. The lumen is transversely 
slit-like in horizontal section. The prostates may be slightly beat over mesially or 
anteromesially. 

Segment xi is reduced to a horseshoe-shaped ovarian chamber (2 largest specimens). 
Ovisacs, even in the largest worm, arc juvenile. There are no spermathecal atria nor is there 
any recognizable enlargement of the duct within the parietes. 

Remarks .—Testis sacs are well developed in all three specimens. In the smallest worm 
tlie spermathecal ampullae are just recognizable as slight widenings of the ental ends of the 
spermathecal ducts, and ovisacs do not reach across xii. In the other worms the sperma* 
thecal ampullae are filled with whitish material but the ovisacs which extend into xiv are still 
juvenile. The vas deferens is of about the same length in all three specimens. Except for the 
ovisacs sex organs appear to be fully developed. 

Manila is the type locality of D, barwelh (Beddard) 1886 but little of taxonomic value is 
known of that species (tfide Gates 1987). 
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Genus Desmogaster Rosa 1890 

Deemogaster ferina sp. nov. 

Material examined. —Beneath brookside log, Tingpai. Myitkyina district» Burma, 
November, 1 juvenile and 1 larger, jx)ssibly fully grown specimen. F. D. Forbes. 

External ckaractertstics. —Length 137—171 mm. Diameter 4-6 mm. Unpigmented Each 
specimen is coiled in a rather spiral fashion and is dorsoventrally flattened except for a short 
anterior region. Prostomium prolobous. Secondary annulation begins on v (2), one deep, 
presetal secondary furrow present on each of segments v-xii. 

Setae are lacking on the anteriormost segments, beginning on ix on the smaller specimen 
where only c and d of the left side are lacking, on x of the larger worm where both couples of 
the left side are lacking, and are small, closely paired, ab and cd about equal, aa much larger 
than bCr dd probably slightly greater than HC. On one or two segments anterior to x or ix 
a transversely placed, greyish translucent line at the approximate sites of the ventral couples 
is visible. 

Nephropores, when visible, are on the antenor margins of the segments, in he, the location 
variable, nearer b, at mid he, or nearer to c. 

Bitheca I, the spermathecal ai^ertures represented, on the larger specimen, by minute, 
circular pores on 8/9, about on c. The male pores are small, transversely placed slits on 11/12 
and 12/13, slightly median to c. Female apertures are transversely placed slits on xiv, quite 
deflnitely behind 13/14 and slightly lateral to b. 

Internal anatomy. —Septa 5/6-9/10 are thickly muscular, funnel-shaped, apices directed 
posteriorly. 

Gizxards are six in xx-xxv or seven in xx-xxvi. 

Extra-oesophageal trunks are first recognizable in v from whence they pass posteriorly 
just lateral to the hearts and mto the subneural vessel m xvi. Anterior to this junction the 
subneural is very slender and recognizable for only a shprt distance. On the posterior faces 
of 10/11 and 11/12 there are commissures from the extra-oesophageal trunks to the dorsal 
vessel. The last pair of hearts is in xi (2). Hearts or heart like commissures are present in 
v-x but those of v-vii have not been traced to the ventral trunk. 

Nephndia are present from iv posteriorly, the ducts, in the postgenital segments at least, 
passing into the parietes just behind the septa in the region of ah. 

Paired testis sacs are present in the usual locations, in 10/11 and 11/12. The vas deferens 
is short, and drops directly, without any real looping, to the ventral parietes into which it 
enters just behind the septum, in ab. The prostates are bent over mesially or medioposteriorly 
in xi and xii, elliptical in cross section, about two mm. long (in the larger worm), the ental end 
bluntly rounded. In cross sections two canals are visible, one central or nearly so and slitlike to 
shortly elliptical, the other much smaller, eccentric and more nearly circular. 

Segment xiii is reduced to a horseshoe-shaped ovarian chamber (2). The right ovisac of 
the larger worm is lateromesially flattened and reaches into xx. The spermathecal ampullae 
at^ fairly large, flattened discs, about 1^ mm. in diameter, with heart-shaped outline, on the 
posterior face of 8/9, the entalmost portion of the duct located m the ventral notch very 
slightly thickened. Underneath the ampulla the duct is in several hairpin loops, an ectal 
portion of the duct within septum 8/9. The duct is not widened within the septum or parietes 
and there is no atrium.. 

Rmorifex.^The larger specimen with an ovisac extending into xx may be of adult size but 
the ovarian chamber and the ovisacs contain no free ova, indicating that sexual maturity has 
not been attained. Both testis sacs of the left side and the right posterior sac are dislocated 
to positions behind the ovarian chamber and median to the ovisacs. The absence of ovisacs, 
as well as the small size of the other reproductive organs, proves the juvenile condition of 
the second specimen. 

The prostate is actually an elongate, hairpin loop of the vas deferens, the two limbs of the 
loop enclosed in a common sheath or sheaths, the eptal limb of the loop slightly thickened. 



92 


G. £. GATES 


Vol. XLIII 


D. ferina is distinguished from D. planata Gates Gates 1931 by the absence of spermathecae 
in viii, from D, doriae Rosa 1890 by the location of the spermathecae an ix, and from D, alhalabia 
Gates 1930 by the absence of spermathecae m viii and the erect prostates. In absence of 
clitellate individuals or specimens known to be fully adult a satisfactory diagnosis cannot 
be given. 


Family GLOSSOSCOLECIDAE 
Genus Pontoscolex Schmarda 1861 

Pontoscolex corethrurus (Fr. Muller) 1857 

Material examined, —Manila, Philippine Islands, October, 13 juvenile and 14 clitellate 
specjmens. Zacharias de Jesus per Prof. R. C. Osbum. 

External characteristics ,—The first setigerous segment is not recogniscably marked off from 
a peristomium Twhich may be retracted) but is long and with the setae located nearer the 
posterior margin. In segmental enumerations the second setigerous segment is assumed to be 
iii. The anterior segments are strongly contracted so that nephropores are first visible on vi, 
and from there posteriorly about on c. The clitellum extends from an anterior portion of xv 
(9) or a jxjsterior portion (6) onto xxiii (14). 

Spermathccal pores are minute, in line with the nephropores, on 6/7“8/9 but are unrec* 
ognizable until after spermathecal ducts have been dissected out from the parietes. Female 
jKjres apparently are on 14/16, median to a but closer to a than to each other (1 specimen only). 
Male pores are unrecognizable. 

Thickened ‘‘ridges” or “walls” are unrecognizable but on xix-xxii, on each side, just inside 
the median portion of 6c, there is a clearly marked, slightly depressed, greyish translucent 
line with an appearance of a seminal groove, the line bent slightly mesially on the posterior 
half of xix and the anterior half of xxii so that the setal arcs erf those segments are not quite 
reached (14). 

Internal anatomy .—Septa apparently are lacking anterior to 6/6 (note location of nephridia 
of ii'v), 5/6 transparent and attached to the gut just in front of the gizzard; 6/7-9/10 funnel 
shaiied, apices posteriorly; 9/10 displaced posteriorly and attached to the parietes directly over 
site of intersegmental furrow 10/11; 10/11-13/14 very delicate and displaced posteriorly. 

The gizzard is in vi (14). Calciferous sacs are flattened, leaf-shaped bodies in vii-ix (14),, 
the ducts passing to the gut dorsolatcrally just in front of the septae. Intestinal origin prob¬ 
ably in xiv or xv. The typhlosole begias abruptly in the region of xxv and is a simple lamella 
but with the height (2 mm,4-) greater than the diameter of the gut so that the lamella is folded. 
The tyjihlosole ends abruptly 15-20 mm. from the hind end. 

The dorsal blood vessel (single) is continued anteriorly to the pharyngeal region, deeply- 
constricted behind 9/10 in such a way as to mark off eight to ten spheroidal sections, this por¬ 
tion of the trunk bent into an S-shaped figure and thus adding to the difficulties involved in 
determination of septal relationships. A supra-oesophageal trunk is recognizable only in 
x-xii or xiii. Extra-oesophageals are large in vi and filled with blood but elsewhere are empty, 
apparently passing ventrally on the anterior face of 6/6 and then turning mesially to unite 
under the gut. What appear to be posterior continuations of the trunks are close to or on the 
gut from vii posteriorly, in the region of ix-xiii at least, represented only by a median vessel on 
the ventral face of the gut. The subneural trunk is larger than the ventral vessel and looped 
with closed ends of the loops projecting out beyond the nerve cord. A pair of large branches in 
xii pass upwards to the supra-oesophageal but the trunk is continued anteriorly at least to 
9/10. One or two other pairs of large vessels from the subneural have not been traded. In 
xii-xiii (?) four large vessels, apparently from the united extra-oesophageals, pass up from the 
gut to the eupra-oesophageal. There are two pairs of hekrts posterior to 9/10 (14) presumably 
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of x'xif all of which open into the supra-oesophageal. Connections to the dorsal trunk 
not found. 

From X forwards nephridia are on the anterior faces of the septa, nephridia of iii-v on the 
anterior face of 5/6 but identifiable by the ducts which pass forwards and into the body wall 
at the ustial positions in iii-v. Nephridia of ii are represented apparently by a lar^^e cluster 
of tubules on each aide filling the space in front of 6/6 between the gut and the body wall. In 
each cluster is a large duct with two long, hairpin loops, which then passes anteriorly close to 
the ventral parietes and about in region of ii upwards into the gut. Nephridial funnels in the 
postclitellar segments are preseptal, close to the ventral parietes median to a, markedly scoop¬ 
shaped, the back of the scoop continued into two prongs. Anteriorly funnels have not 
been found. 

Testes and male funnels are in two fairly widely separated and longitudinally directed, 
suboesophageal testis sacs so placed that the ovanes are just beneath the posterior ends. The 
hearts of xi apparently are included within the testis sacs which are filled or nearly filled (when 
small amounts of coagulum are present) by large, accordion-pleated frills (peripheral portions 
of male funnels?). On the fioor and at the center of the sac is a rounded, button-like structure 
with a central depression which is probably the aperture of the funnel. From a point just in 
front of this aperture the male deferent duct drops to the parietes and then passes laterally for 
a short distance before turning to run posteriorly in the median part of bc^ visible as far back 
as xvi or xvu before passing out of sight in the panetes. 

The ovanes are unusually small. The oviducal funnels are flattened and very thin discs 
rather high up on the anterior face of 13/14, the oviducts unusually long but passing straight 
anteroventrally along the septum to the parietes. 

Remarks. —In spite of the ubiquity of this species in the tropics and the frequent reports 
of its occurrence several questions as to gross morphology are still unanswered. The major 
difi&culty is that of determination of segmental location of structures and this is due in part to 
the apparent absence of the first intersegmental furrow, the small size of the setae on the first 
setigerous segment, the dislocation posteriorly of certain septa, the small size and concealed 
location of the ovanes. The location of septum 9/10 over site of intersegmental furrow 10/11 
is at first confusing but inspection of the inner surface of the parietes reveals quite clearly two 
segments between the parietal attachments of the last muscular septum and of the septum next 
in front. This presumably is the explanation for Stephenson’s failure to find 9/10 (1923, p. 
490). However in front of the last muscular septum there is only one pair of nephridia and 
one pair of vascular commissures while the attachments to the gut of the last calciferous sacs, 
supposedly of ix, are just in front of the last muscular septum, conditions which arouse a sus¬ 
picion that 9/10 is not lacking but merely displaced posteriorly. The suspicion is strengthened 
on tracing the ducts of the nephridia, for each duct after dropping to the ventral parietes passes 
across ttuo segments almost to 8/9. The final confirmation of the dislocation of 9/10 is 
provided by the ducts of the nephridia next behind the last muscular septum, the ducts passing 
on tlie parietes and underneath 9/10 and onwards under very delicate connective tissue to 
points just behind the site of intersegmental furrow 9/10. According to Michaelsen (1900, 
p; 426) 10/11 is thickened but in each of the Manila specimens that septum is just as tenuous 
and transparent as those next behind. 

Oviducts were noted in one specimen only and in that worm were large enough so that 
they could be dissected out from the body wall. Only then were the female pores recognizable. 
The location on 14/15 is unusual and may be an abnormality. 

(The use of "apparently," or similar phraseology, in the account above is regretted but 
the word concisely characterizes appearances, and nothing further is justifiable in view of 
the condition.) 

Septal relationships as regards segments x-xv, the segment of intestinal origin, some of 
the relationships of the major blood vessels and the location of the female pores need con- 
fiimation or more accurate characterization. 
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Genus Sparganophilus Benham 1892 

Sparganophilus eiseni Smith 1895 

Materud Roadside ditch, Yellow Pem Creek, Fort Myers, Florida, 

January 21, 1941, 11 aclitellate specimens. Prof. W. M. Barrows. 

Roadside ditch, Port Myers, Florida, February 19, 1941, 11 aclitellate and 3 
cUtellate selectmens. Prof. W, M. Barrows. 

External characteristics. —Length 80-85 mm. (cUtellate specimens). Diameter 13^ mm. in 
clitellar region, 134 mm. elsewhere. Unpigmented, Anterior ends not hooked. Prostomium 
zygolobous (20) No dorsal pores recognizable but a longitudinal grey streak along the mid- 
dorsal line cro.s.scs I’jii to 3/4 or slightly onto iv, the streak slightly widened at intersegmental 
furrows and there with an ai^pearanee somewhat like that of rudimentary dorsal pores. Setae 
begin on ii, dorsal couples lacking on xvi-xxiv (3 cUtellate and 6 aclitellate specimens), in part 
lacking or unrecognizable on the same segments of several other specimens. Behind the cU- 
tellum ab is slightly smaller than cef, dd and he about equal and both larger than aa. Nephro- 
pores are invisible but sites are indicated by tiny, white, circular spots on or slightly lateral 
to a, about midway between intersegmental furrows and setal arcs. 

The clitellum is rather grey, saddle-shaped, lacking in 56, anterior and posterior limits 
unrecognizable externally, xvi-xxiv included (8) and part at least of xv (1) and xxv (2) or 
xxv-xxvi (1) as indicated by the epidermal thickening at the mid-dorsal incision. The clitellar 
region is protuberant especially so at xix-xxi. Tubercula pubertatis are represented by longi¬ 
tudinal white bands (not protuberant) extending from or just behind the setal arc of xviii to 
23/24 m the median half of 5c, the margins, especially the lateral, sinuous (8). 

The spermathecal pores are on 6/7-8/9 on c (3), the left pore of 8/9 quite definitely l>elow c 
on one specimen. Female pores are on xiv, on or just lateral to a and about midway between 
13/14 and the setal arc. Male pores are unrecognizable Apertures of the prostale-hke glands 
are minute, on the ventral faces of tiny, nearly spheroidal, whitish protuberances located 
slightly posterolateral to the b setae of xvi-xvii and xxiv-xxvii (3 cUtellate and several aclitel- 
late specimens). On two of the cliteUate s|)ecimens a circular area including the right a seta 
of ix IS slightly tumescent but the only pore recognizable is the aperture of the setal follicle. 

Internal anatomy. —No gizzard. An oesophageal valve is unrecognizable, the intestine 
apparently beginning with 8/9 or posteriorly in viii. No typhlosole. 

The dorsal blood vessel (single) is continued anteriorly mto ii, with moniliform hearts in 
vii-xi (7) and slender commissures in iii-vi. No subneural. Lateroparietal trunks are recog¬ 
nizable m vi-xiv, turning mesially just in front of 14/15, uniting on the upper surface of the 
ventral trunk and then disappearing from view (3, opening into ventral trunk?). On the 
parietes in xii-xiv just lateral to each lateroparietal trunk is a smaller vessel which turns 
upwards on the anterior face of 14/15 to open mto the dorsal trunk. 

Nephridia are present in xiii (14), lacking m xiv (14), present from xv posteriorly, the 
preseptal funnels close to the ventral parietes in tt5. 

Seminal vesicles of xi and xii are acinous with scattered brown flecks. The prostate-like 
glands of xxiv-xxvii are shortly and regularly looped in a rather zigzagged manner, the ducts 
straight, slender and with slight (muscular?) sheen. Glands in xvi-xvii usually are not looped 
but are arced. The gland of ix (right side only, two clitellate specimens) is fairly large and 
of irregular shape. 

R^war^j.—Spermathecae, present only in the clitellate specimens, appear to be juvenile, 
ampullae slightly developed in one worm only. There is no iridescence on male funnels or in 
the deferent ducts. Seminal vesicles and ovisacs are of about the same size and appearance in 
the clitellate and larger aclitellate specimens. In one of the clitellate worms the free extrem¬ 
ity of one ovary passes through an aperture in 13/14 into the ovisac of the same side. 

According to Hague (1923, p, 22) the prostate-like.glands of eismi usually open to the 
exterior through the follicles of the b setae, while in benhami Eisen 1896, according to Eison, the 
apertures are anterior to aft. In the Fort Myers worms the pores are invariably posterolateral 
to 6. 
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Hague has suppressed benhami with varieties guaUnuJtnsis and camea. PcMsibly the 
taxonomy of the Sparganophilids of the United States requires reconsideration. 


Family LUMBRICIDAE 
Genus Eisbnia Malmgren 1877 
Eisenla foetida (Savigny) 1826 

Material tfxomtncrf.—New Orleans^ LouiBiana, December 15, 1940, 2 clitellate spec¬ 
imens* E Liebman. 

Campus, Johns Hopkins University, October, 1940, 4 clitellate specimens. 

Per Prof. S. O. Mast. 

November, 1940, 2 aclitellate and 16 clitellate specimens (history unknown). 

Prof. W. M. Barrows. 

Ohio division, California Earthworm Farms. Worthington, Ohio, January 10, 

1941, 3 partially clitellate and 24 clitellate specimens. Per E. Gordon. 

“Soilution earthworms,” purchased from California Earthworm Farms, Los 
Angeles, California, December 30, 1940, 27 juvenile or aclitellate (and in part 
postscxual) and 42 clitellate s^iccimens. Per E. Hoffman. 

External characteristics .—The Johns Hopkins worms are small, 27-30 mm. long, though 
apparently complete and fully grown. The “soilution” worms may attain a length of 60 mm. 
and a diameter of five mm. Except under the highest powers of the binocular, the Johns 
Hopkins worms appear to be characterized by a uniform, dark red pigmentation without 
striping. Only 13 of the “soilution” worms have a conspicuous striping, on the other specimens 
the striping faint or quite unrecognizable. The prostomium is epilobous, ca. a transverse 
furrow at the posterior end of the tongue usually lacking or if present slight and rather irreg¬ 
ular. The first dorsal pore is on 4/6 (48), on 6/6 but ^th a definitely pore-like and possibly 
functional marking on 4/6 (3). Nephropores usually are unrecognizable but on several spec¬ 
imens pore-like markings are visible on xv and xvi halfway between b and mid 6^. 

The female pore is minute, on the setal arc of xiv, just lateral to 6. The male pore is minute, 
on the setal arc of xv, about midway between b and c, often at the lateral end of a fairly deep, 
transverse slit with tumescent borders. Spermathecal pores are smaller than the male and 
female pores, on 9/10 and 10/11, slightly lateral to the mid-dorsal line. Pores may be 
symmetrically or asymmetrically placed with reference to the mid-dorsal line. If symmetrical, 
apertures of either pair may be slightly more widely separated than those of the other pair. 

Clitellar margins (anterior, posterior and ventral) are often rather indistinct. Slight 
clitellar thickening of the epidermis anteriorly and posteriorly beyond the apparent (external) 
limits may be recognizable at the middorsal incision. The clitellum is located as follows: on 
xxvxxxi (1), xxv-xxxii (1), xxvi-xxxi (9), xxvi-xxxii (52), xxvi-xxxii but reaching slightly onto 
XXV (1), xxvi-xxxii but reaching slightly onto xxxiii (3), xxvii-xxxii (4), xxvn-xxxiv (1). 

Tubercula pubertatis are rather indistinct and boundaries are often difficult of recognition. 
Usually the tubercula appear to be of a rather narrowly elliptical outline and are longitudinally 
placed in the median half of be with the median margins slightly lateral to 6. A central 
portion, also of elliptical outline, is slightly more translucent than the rather wide, slightly 
tumescent and opaque, marginal portion. Tubercula pubertatis are located as follows: 
xxvii-xxx (1), xxviii-xXx (48), xxviii (postsetal half) -xxxi (presetal half)—23, xxviii (postseta! 
half) -Xxxii (presetal half)—1, xxix-xxxi (3). 

A Variable number of the ventral setae in the clitellar region, and occasionally on one or 
two segments just in front of the clitellum, appear to be located each within an area of greyish 
translucence. Under highest powers of the binocular there is clearly recognizable just behind 
each of such setae a small, transversely placed, translucent marking of spindle or crescent 
ahape. On such a marking there may be recognizable a single, minute spot with an appear¬ 
ance of a pore. If setae are carefully pulled out of the body wall from the interior after opening 
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the worm* the anterior location of the aperture of the setal follicle, quite definitely in front of 
the marking, is clearly recognizable. 

Local areas of tumescence extending across the whole of certain segments may have 
somewhat of an appearance of genital markings but never seem to be sharply demarc;ated. 
These areas are most commonly present on ix-xii in region of cd but have been noted on ix (2), 
xxi (2), xxii (1), or xxiii (2), in ab. An area arotuid the male pore and in a median portion of be 
is usually more or less markedly tumescent but the swelling may be entirely lacking on fully 
clitellate specimens with spermatozoal iridescence in the apermathecal ampullae. 

Flattened discs are occasionally adherent to the body in intersegmental grooves: 20/21, 
in be (1); 21/22, in aa (2), in ab (2), m be (4); 22/23, in aa (1), in be (4); 23/24, in aa (2), in be 
(1); 24/25, in aa (1), in be (1). The outline of the disc apfiroximates to circular or pear-shaped. 
The peripheral portion is transparent, a central mass opaque and with an apjiearance of closely 
packed fibrils. 

Internal anatomy. —There are no sacs on the oesophagus in x (20). Calciferous glands are 
in xi-xii. On each side of the oesophagus in xu there is a vertically placed, rather shortly 
hemi-ellipsoidal, white swelling, the white appearance due to presence in the calciferous glands 
of considerable masses of fine granules. The intestine begins in xv (20). The gizzard is 
located in xvii-xviii (20). The wall of the gut in xix is usually whitened and similar in super¬ 
ficial appearance to the gizzard. 

The simple, lamellar typhlosole which begins gradually in the region of xx-xxiii, does not 
attain full height for several segments and ends abruptly, in Ixxxix (worm of 100 segments), 
xcii (worm with 103 segments), or ciii (specimen with 117 segments). The lumen is vertically 
sht-like in cross section. In one or more small regions or along a considerable portion the 
ventral margin may be slightly furrowed longitudinally so that the typhlosolar lumen is rather 
Y-shaped (inverted) in cross section. 

Five imirs of lateral hearts are present in vii-xi (20). In xii, opening into the dorsal trunk, 
there are two pairs of vessels which may be large, the posterior vessels resembling hearts but 
closely applied to the gut and gradually disappearing from view ventrally. A subneural trunk 
is present (20). 

Seminal vesicles are four pairs, in ix-xii (20), those in ix-x usually about half the size of the 
others. Segments x-xi are usually filled with a testicular coagulum. 

Spermathecal ampullae are usually in ix and x (19). In one specimen an ampulla is sharply 
constricted by 10/11, with one lialf each in x and xi. In another worm the left anterior ampulla 
is in X. One sjiermatheca is completely bifurcated entally, each ampulla containing a mass 
of spermatozoa. 

Corresponding to each of the small, postsetal genital markings and closely associated with 
a setal follicle there is protuberant into the coelomic cavity from the parietes a soft gland so 
fragile that it usually fragments on manipulation, releasing a flocculcnt coagulum. 

Remarks.—In one worm each seminal vesicle of ix-xii contains masses of brownish material 
similar to that forming the discs often present in the coelomic cavities. Another specimen has 
brownish material in the vesicles of xi and xii and several brown bodies or discs free in the 
coelomic cavity of xi. 


EiMoiA ven«ta (Rosa) 1896 

F. hortensis Michaelsen 1890 

Material examined.— in toilet bowl,” Cleveland, Ohio, April, 1941, 1 cli¬ 
tellate specimen, E. R. Miller per Prof. W. M. Barrows. 

External characteristics.— 23 mm. Diameter 3 mm. Dorsum reddish anterior to 
clitellum. Behind the clitellum the body is markedly flattened dorsoventrally. Prostomium 
apparently prolobous but this appearance may be due to local contraction at the region of 
junction Of prostomium and i. The first dorsal pore is on 6/6. Setae begin on it, behind the 
clitellum ah and cd about equal though rather widely separated, bt^aa^ 
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The protuberant clitellum extends from 26/27 to 32/33 laterally but dorsally xxxiii is 
included (dd only), the anterior and posterior limits sharply marked, the ventral boundary 
hardly recognizable. Tubercula pubertatis are on xxx-xxxi and the presetal portion of xxxii, 
well Within median half of be and reaching slightly into ab with b included and near the median 
margin, sharply demarcated, protuberant—especially so laterally, the margins slightly incised 
at 30/31 and perhaps indicating a double ongin. 

Spermathecal pores are on 9/10 and 10/11, slightly lateral to the mxd-dorsal line. Female 
pores are on the setal arc of xiv slightly lateral to ft. Male pores are in transversely slit-like 
depressions on the setal arc of xv and are quite definitely nearer to ft than to c. 

Internal anatomy ,—The oesophagus is widened abruptly in the posterior portion of x but no 
sacs are recognizable. Longitudinal lamellae in xi-xiii are covered over mesially by a delicate 
and transparent film possibly representing the median wall of calciferous glands. The intestine 
begins in xv. The gizzard is m xvii-xviii. The typhlosole which begins in xx is low and of the 
simple, lamellar type. Last hearts m xi. 

Male funnels are large, reaching to the level of the dorsal surface of the gut, and with a 
brilliant spermatozoal iridescence In addition to the usual seminal vesicles in xi and xii there 
IS a single, smaller vesicle in ix on the left side. Spermathecae are in ix and x, the ampullae 
filled with iridescent material, slender ducts and ampullae of about the same length 

protuberant into the coelomic cavities from the panetes over the tubercula pubertatis 
are glandular masses just median to which are hypertrophied follicles of the ft setae of xxx and 
XXXI. The setae are nearly straight, without nodulus, the extreme ental end portions slightly 
curved, the tips sharply pointed, an octal portion grooved. No ornamentation. 

Remarks ,—The gut is somewhat macerated. In the intestine among the soil particles is a 
well rounded, almost spheroidal bit of quartz just over one mm. in diameter 

E. veneta is a European fonn and has been recorded but twice before from North America: 
Son Francisco and Urbana, Illinois. Smith (1924, p. 26) found it in large numbers in banks of 
streams and it is presumably from some such habitat that the Cleveland specimen got into 
the water supply 


Genus Bimastos Moore 1893 
Bimastos tenuis (Eisen) 1874 

Material examined,—-Sand pasture, Manitoulin Island, Ontario, August 13, 1940, 

1 aclitellate and 2 cli tel late specimens. C. H. Kennedy per Prof. R. C. Osbum. 

External characteristics ,—Length 20^27 mm. Diameter across clitellum, three mm. The 
dorsum anterior to the clitellum is red. Setae a and ft of xvi are enlarged, the follicles con¬ 
spicuously protuberant into the coelomic cavity just behind a glandular mass. All of the setae 
examined, except one, are sigmoid but with the nodulus about one third the distance of the 
shaft from the ental end. The exceptional seta is almost straight, no ornamentation 
re^gnizable. 

Spermathecal apertures are minute openings on 9/10, on c. The female pores are very 
slightly posterolateral to 6. Each male pore is within and close to the lateral margin of a 
transversely placed, slit-Lke depression located in an area of tumescence. A transversely 
placed area on xv and xvi just lateral to ft is swollen and whitened but without distinct 
demarcation. 

Tubercula pubertatis are small, slightly tumescent, whitened areas of approximately 
circular outline, with centers about on the ft line^ and reaching slightly into aft, the ft setae of 
xxix and xxx very slightly displaced mesially. 

Internal ffaaliwwy.—Calciferous pouches are vertically ellipsoidal bodies in the ixisterior 
portion erf x, clearly marked off from the gut but without stalks, opening into the gut through 
vertically slit-like apertures the margins of which are in apposition. A low typhlosole 
is present. 
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The male deferent ducts of a side pass laterally to the region of c and come into contact in 
xii» passing posteriorly on the parietes to the anterolateral comer of a flat glandular mass 
with a longitudinally rectangular outline, sessile on the parietes in xiv-xvi, in a median portion 
of be. Other glandular masses of approximately circular outline are sessile on the panetes 
over the tubercula pubertatis, 

Spermathecae have a spheroidal ampulla and a slender duct with the length about equal 
to the diameter of the ampula. 

Remarks .—Specimens are too soft to permit determination of typhlosolar characteristics. 
Calciferous sacs of x are filled with clumps of white granules. Because of the stickiness of the 
glandular material the course of the male deferent ducts has not been completely traced but it 
appears to be posteromesially within the gland. Ducts are slightly iridescent, fairly large, 
on rather than within the parietes and hence easy to trace. Removal of nephridia is necessary 
for observation of the genital marking glands and enlarged setal follicles. One specimen has 
a single spermatheca on the left side, another worm has a pair. 

A non-sexual worm collected along the Chesapeake and Ohio Canal near the District of 
Columbia line by Slatin and forwarded by the U. S. National Museum may be tmuis. There 
are only two pairs of seminal vesicles and spermathecae are lacking. The region of xxvi*xxxi 
is contracted in a regularly concave fashion and has an appearance like that of a clitellar region 
towards the end of clitellar regression. The digestive system is macerated, the oesophageal 
wall practically transparent. In xi-xiii there are clearly recogniaeable, without opening the 
gut, two series of thin but rather conspicuous lamellae. Each lamella of the first series is 
longitudinally rectangular in shape, extending through xi-xii without constriction. Lamellae 
of the second series arc almost square and in xiii, separated from the anterior series by an 
interval in which lamella are quite lacking. Lamellae are discrete and without evidence of 
marginal fusion internally (• e., towards center of gut). This condition (of discrete lamellae) 
presumably is a result of maceration. 
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ON SOME AMERICAN AND ORIENTAL EARTHWORMS 
PART 11. FAMILY MEGASCOLECIDAE 
G. E. GATES! 

Judson College, Rangoon Burma, 
and 

The Ohio State University, Columbus, Ohio 

Part I of this article contains descriptions and notes on distributions of earth¬ 
worms of the families Moniligastridae, Glossoscolecidae and Lumbricidae, sent 
recently to the 2k)ology Department of The Ohio State University for identifica¬ 
tion. Included among this material is the first specimen of the large Indian 
earthworm, Dramda grandis (Bourne) 1886, that has been available for study 
since the species was first described. 

Part II contains descriptions and notes on similar material belonging to the 
family Megascolecidae, 

Family MEGASCOLECIDAE 
Genus Pontodrilus E. Perrier, 1874 

Pontodrilus bermudensis Beddard 1891 

Material examined ,—Under sea weed on beach, St. Croix, Virgin Islands, March, 

1938, 5 aclitellate specimens, H. A. Beatty per U. S. Nat. Mus. 

External characteristics .—Length to 56 mm. Diameter to 2 mm. Prostomium slightly 
epilobous. Setae; posterior to xx oa, be and cd are about equal or be may be smaller than cd, 
ab<cdf dd<}4C. Nephropores are not certainly recognizable but appear to be on c. No dorsal 
pores. 

Spennathecal pores are minute, on 7/8 and 8/9, on or jtist lateral to b. Female pores are on 
xiv anteromedian to a and slightly nearer to 13/14 than the setal arc. Male pores are minute, 
otj^xviii, on the setal arc and about on b. A grey spot on the setal arc of xviii on a appears to 
mark former site of an aperture into a setal follicle. 

Segment xviii is anteroposteriorly elongated ventrally and especially so in a region extend¬ 
ing from just median to a nearly to c on each side. Approximately in ab on each side of xviii 
is a longitudinally placed area of greyish translucence, rather sharply demarcated but with 
sinuous margins. Each area is indented mesially and laterally by a white, rather conical, 
undemarcated protuberance, the lateral especially conspicuous, the protuberances reaching 
highest elevation on the setal arc. 

The single genital marking (5) is on 19/20, reaching laterally on each side about half way 
to a, with central translucent and marginal opaque portions demarcated on the larger specimens. 

Inlemal auofainjj,—There is a rudimentary gissard in v (8, not noted in other two spec¬ 
imens). Calciferous glands and lamellae are lacking but the oesophageal wall is thickest and 

^Visiting professor in the Department of Zoolo^ and Entomology of the Ohio Sute Uni¬ 
versity, IraMl. 
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most vaacularized in xiv-xv. The intestine begins anteriorly in xvii (3), the oesophageal 
valve in the region of attachment of septum 16/17. No t 3 ^hlosole. 

The dorsal blood vessel (single) is continued anteriorly onto the pharyngeal bulb. A 
supra-oesophageal trunk is unrecognizable. Extra-oesophageals are large, close to the ventral 
paiietes in i-v, much more dorsal posteriorly, passing onto the gut in xii-xiii, uniting mesially 
in xiv or XV. No subneural trunk (3). Last hearts in xiii (5). 

Nephridia of xiii are small (5), no nephridia in xiv or anteriorly, larger nephridia present 
from XV posteriorly (5). The preseptal funnels are close to the ventral parietes in ab. 

Holandric, acinous seminal vesicles present in xi and xii (6). The prostatic duct is curved 
into a sigmoid or C-shape, one to two mm. long and nearly as long as the gland, with marked 
muscular sheen. On the median faces of the prostatic ducts within the parietes are very small 
aetal follicles. The vasa deferentia were not traced as they are not certainly recognizable 
postenor to xi. 

The spermathecal duct is about as long as or longer than the ampulla from which it is fairly 
sharply marked off, adherent (by the posterior face) to or imbedded in the parietes back to the 
level of the setal arcs of viii and ix. The digitiform diverticulum passes to the median face of 
the duct within the parietes and is long enough to reach up slightly onto the ampulla. 

The epidermis of the genital marking on 19/20 is markedly thickened. White material 
within the body wall under each protuberance on xviii may be glandular. 

Remarks ,—The intestine of each specimen is largely lilied with coral fragments including 
some that are as much as mm. long. Also included is a disc of approximately circular 
outline and with a diameter of one mm. Bits of coral of appropriate size and disposition in the 
oesophagus may produce an appearance of the presence of gizzards or of calciferous glands. A 
bit of yellowish, calcareous tube of approximately segmental length and completely filling the 
gut in vii produced an appearance practically indistinguishable from that of a gizzard until the 
gut was opened. The oesophagus in v is widened, the shape approximating to that of a gizzard 
and the wall is definitely thicker than in iv or vi. 

In the sperma thecal ampullae of the larger specimens there is brownish material which 
may indicate that such mdividuals are in a postsexual stage after completion of clitellar 
regression. 

The worms described above appear to be referable to P, bermudensis as now understood 
but the species is variable and Michaelsen (1909) recognized a number of format, the taxonomic 
status of some of which must be regarded as doubtful. 

Pontodtilus gracilis sp. nov. 

Material examined ,—of Caloosahatchie River (brackish), Fort Myers, Florida, 
January 23,1941, 21 aclitellate specimens. Prof. W. M. Barrows. Caloosahatchie 
River, Fort Myers, Florida, February 19, 1941, 16 aclitellate specimens. Prof. 

W. M, Barrows. 

External characteristics,—Length to 170 mm. Diameter to 2}^ Unpigmented. Prosto- 
mium epilobous, ca. but with no transverse furrow at posterior end of tongue (20). No 
dorsal pores. Nephropores are on 6, presetal, about one quarter of the distance from interseg- 
mental furrows towards the setal arcs, the pores of xviii, often slightly enlarged, just lateral 
to the genital markings. Setae begin on ii but may be lacking in part on ii-vi, near the hind 
end the dorsal ranks quite irregular, the lateral setae fairly closely or widely paired or widely 
separated; on xx, cd slightly larger than 2a6, be, cd, and aa about equal, (W>2cd. 

Quadrithecal, spermathecal pores minute and superficial, each p6re at center of a smalU 
almost circular protuberance, in ah and usually on or near mid db (never on a or 6), the inter- 
segmental furrows lacking on the porophores. Female pores are on xiv, median to a, about 
halfway between 13/14 and the seUl arc. 

Male pores are minute and superficial, on xviii, on or close to sites of h setae, the apertures 
larger than those of setal follicles or of the female ducts but so recognizable only after removal 
of cuticle, each pore on a small, rounded or conical protuberance which may be surrounded by 
a marginal band of greyish translucence. On the most mature worms the porophores are 
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located in the lateralmost portions of a deet>. transversely placed depression. Seta a of xviii 
is present on one side or the other of six specimens^ on both sides of one specimen, otherwise 
ventral setae are unrecognizable. 

Genital markings are one pair of presetal areas in ab on xviii (30). In the less mature 
Bt)ecimens the markings are circular, sharply demarcated and each is surrounded by a mar¬ 
ginal band of greyish translucence which is continuous with that around the male porophore. 
On more mature worms markings are elliptical in outline and longitudinally placed, 17/18 
unrecognizable ventrally and some slight invasion of xvii possible. On three worms a slightly 
protuberant genital shield without definite demarcation extends from the setal arc of xvii at 
least to 18/19 and laterally to c. On these specimens as well as several others xviii is elongated 
ventrally emd markedly widened. The genital markings indicate areas of marked parietal 
modification. Unpaired, median or other genital markings are lacking. 

Internal anatomy .—Septa arc present from 4/5; 6/0-12/13 muscular, 4/6 slightly muscular, 
13/14 strengthened but translucent. 

The oesophagus in iv-x is brown and provided internally with low, white, longitudinal 
ridges; perhaps slightly widened in v but with no gizzard. In xi-xiii the oesophagus is slender 
and white, widened abruptly just behind 13/14 (36), the portion in xiii with an appearance of 
an oesophageal valve. Prom xiv-xviii however the gut is highly vascular, vertical red stripes 
especially conspicuous on the coelomic surface of the portion in xiv-xvi, the inner wall with 
numerous, closely crowded, low, longitudinal, white ridges which become less obvious in xvii- 
xviii. In xviii quite definitely in front of 18/19 (11) or in xix at various distances from 18/19 (10) 
the gut is again abruptly widened, though not as conspicuously as at 13/14, and the appearance 
of both inner and outer walls changes slightly. A definite valve in this region is unrecogniz¬ 
able. The inner wall of the intestine is marked off into small squares by slight longitudinal 
and circular furrows. No typhlosole. 

The dorsal blood vessel (single) is continued anteriorly to and under the supra-pharyngeal 
ganglia. A supra-oesophageal trunk is usually recognifable from xv to 11/12 but is usually 
empty anteriorly. Extra-oesophageals are first recognizable in v (anterior to 4/6 apparently 
continued dorsally and then anteriorly into ii), passing onto the ventral surface of the gut only 
in xiv or xv, united mesially in xv or xvi, usually unrecognizable behind xvii. A rather con¬ 
spicuous branch passes laterally from each extra-oesophageal in x-xvi on the anterior faces of 
the septa. The ventral trunk is continued forwards to the anterior margin of the subpharyn- 
geal ganglia where it bifurcates. No subneural. In x-xiii there are large latero-oesophageal 
hearts, the connectives with the dorsal trunk red and rather conspicuous, the slender, short 
branches to the supra-oesophageal usually white. The last pair of hearts is in xiii (36), the left 
heart of xiii lacking in one specimen. There are commissural loops in v-ix, all loops and hearts 
passing into the ventral trunk. 

Nephridia in xiii are small, the funnels club-shaped (23, not noted in other specimens). 
There are no nephridia anterior to xiii or in xiv (23), the large nephridia always beginning in xv. 
The tubules are flattened against the body wall, reaching to or nearly to both septa of a seg- 
noent and dorsally to d. The preseptal funnels are close to the ventral parietes in ab. 

Testes, in x and xi, are rather fan-shaped. Male funnels are free, with smooth, rounded 
rims. Seminal vesicles in xi and xii arc acmous, vertically placed. Prostates are usually 
confined to the posteriorlialf of xviii, the nephridia in the anterior half. The ducts of the most 
mature specimens are slightly more than two mm. long, with marked muscular sheen, straight, 
sinuous, or slightly looped, but never spindle-shaped. The male deferent ducts pass into the 
ectal ends of the prostates. On the median face of the prostatic duct there is often visible a 
cord erf tissue that looks like a setal follicle. In.two worms setae appeared to be present in 
the follicles but attempts to dissect out the setae were failures. 

The spertnathecal duct is shorter tlian the ampulla, narrowed within the parietes, with 
laifge lumen. In fifteen specimens the single, digitiform diverticulum on each spermatheca 
posses into the median face of the duct close to the parietes. In five worms each spermatheca 
has a lateral diverticulum of the same size as the median and passing into the duct exactly 
opposite the median junction. A lateral diverticulum of the same size as the median is present 
in Other specimens as follows: on both left spermatheeae (2), on both right spermathecae (3), 
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on the left posterior spermatheca (6), on the right anterior spermatheca (2), on both sperma- 
thecae of ix (1), on three spermathecac (1). In the remaining worm the median (diverticula 
are about half the length of the main sperma thecal axis while the lateral diverticula {lacking 
only on the right posterior spermatheca) are much shorter. In one worm with unidiverticulate 
fipermathecae one diverticulum is bifid. 

The longitudinal musc*ulature is uninterrupted over sites of the genital markings. 

Remarks ,—Spermathecae of several worms from each batch, with and without lateral 
diverticula, have brownish masses in the ental ends of spermathecal ampullae and diverticula, 
possibly the last remaining evidences of post-sexual regression. The clitellar region shows no 
evidence of clitellar regression. 

The specimens described above are distinguished from 5 as follows: (1) a slightly 

more median location of spermathecal pores, (2) presence of symmetrically paired, longitudin¬ 
ally placed, presetal genital markings on xviii, (3) absence of unpaired, intersegmental genital 
markings in oo, (4) junction of diverticulum with spermathecal duct ental to the parietes, (5) 
tendency to development of a second and lateral diverticulum on the spermathecal duct, and 
possibly also by (6) a more ventral location of the nephropores as well as (7) the irregularity 
of setal ranks in a posterior portion of the body. Such a combination of characteristics appears 
to be sufficient justification for recognition ot a species distinct from bermudensis but it is to be 
remembered that bermudensis as now understood is highly variable, comprising a number of 
formae of uncertain status, and that the Florida specimens are aclitellate. Accordingly it is 
possible that certain characteristics of taxonomic importance may now be unrecognizable on 
the t 3 rpes of the new species. Nevertheless it appears to be unlikely that with sexual maturity 
any of the distinguishing characteristics just mentioned will approximate to those of bermttden- 
sis except for a develojiment of unpaired, intersegmental genital markings-structures which may 
characterize more than one Bjiccies of Fontodrilus, A satisfactory diagnosis caxinot be given 
until clitellate specimens have been studied. 

Genus Pheretima Kinberg, 1867 
Pheretima californica Kinberg 1867 

Material examined.— Orleans, Louisiana, August 18-15, 8 clitellate specimens. 
Southern Biological Supply Co., per U. S. Nat. Mus. 

This is the first record of the species from United States since erection on 
specimens from San Francisco. 

Pheretima diffringena (Baird) 1869 

Material Lawn, Port Myers, Florida, February 19, 1941. 1 clitellate 

specimen. Prof. W. M. Barrows. 

External ckaracteristics,—The first dorsal pore is on (10/11?) 11/12. Genital markings are 
presetal on vii-ix, midway between intersegmental furrows and setal circles, ca. 2-3 intersetal 
intervals median to the spermathecal pore lines. Spermathecal porophorcs are unrecognizable 
and postsetal markings are lacking. 

Internal ona/omy.—The intestine begins in xvi just behind 15/16. Hearts of x are lacking, 
the right heart of ix present. Lymph glands are rudimentary anterior to xxvii but posteriorly 
are well developed. Unpaired, suboesophageal testis sacs are well above the nerve cord, the 
ventral blood vessel included. Vasa deferentia of a side come into contact in xii but without 
uniting at least into xvii. Prostates are lacking but prostatic ducts arc fairly well developed, 
each duct bent into a U-shaped loop. The stalks of the genital marking glands of xviii pass 
into the parietes just median to the prostatic ducts. The lumen of the spermathecal duct is 
narrowed in the region of the diverticular junction, sHt-like in cross-section entally, more 
nearly circular ectally. 

.RewarAj,—Seminal chambers of spermathecae are filled with opaque whitish material, 
testes are large and transversely ellipsoidal but there is no spemaatozoal iridescence in seminal 
chambers, vasa deferentia or on the male funnels. 
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From information at present available, diffringens appears to be the most widely spread of 
those species imported into this country, directly or indirectly, from China and Japan, havirtg 
been found from Louisiana to Virginia (no record from South Carolma). 

Pheretima hawayana (Rosa) 1891 

Material examined. —Greenhouses, Hadley, Massachusetts, January 1041, 3 clitellate 
siiecimens. Prof. Esther Carpenter. 

Remarks. —The testis sacs are unpaired and suboesophageal, distended by coagluum, the 
ventral blood vessel on or within the roofs of the sacs, the nerve cord well below the sacs. 

Pheretima pingi Stephenson 1925 

Material examined. —Kuatun, Fukien Province, China, 3000-6000 feet, July, 1039, 

1 clitellate specimen, Min Hsin Li. 

External characteristics. —Length 240 mm. Diameter 9 mm. Pigmentation bluish grey, 
restricted to the dorsum, lacking or scarcely recognizable on transverse, midsegmental bands 
bearing the setae. First dorsal pore on 12/13. Setal formula: vi/9, vii/8, viii/14, xvii/18, 
xviii/16, xix/22, 22/ii, 23/iii, 38/viii, 41/xii, 48/xx. 

Each spemiathecal pore is at the center of a tiny circular, white, opaque area that indents 
the posterior margin of a transversely placed area of greyish translucence. The translucent 
areas are on the i>osterior portions of v-viii, the spermathecal pores about in line with the 
intersegmental furrows. Prior to removal of the cuticle the pores appeared to be segmental. 
Each male pore is at the center of a transversely placed porophore of elliptical outline. 

Genital markings, aside from those just in front of the spermathecal pores, are on xviii, 
three pairs. One marking either indents deeply the lateral margin of each male porophore or 
is actually protuberant from the male porophore close to the lateral margin. Two other 
markings on each side, somewhat larger but smaller than the male porophores, are just median 
to the male pore lines, one presetal and one postsetal, |he latter in contact with but distinct 
from the male porophore. 

Internal anatomy. —Septum 8/9 is complete but membranous. The first lymph gland is 
in XVI, on the left side. From xix pOvStcriorly a pair of large glands is present in each segment. 
Most of the glands have one or more balls of variable size of brownish, granular material 
within the gland tissues. 

The dorsal blood vessel (single) is continued anteriorly underneath the supra-oesophageal 
ganglia. The supra-oesophageal trunk is unrecognizable posterior to 13/14 and disappears 
into the dorsal wall of the gut in ix. The ventral trunk bifurcates just behind the sub- 
pharyngeal ganglia, the branches passing laterally along with the circumoesophageal nervous 
commissures. Between the anterior bifurcations and the junctions of the commissures of v, 
two pairs of vessels join the ventral trunk, possibly commissures of iv and iii or their repre¬ 
sentatives. The subneuml trunk is continued anteriorly a short distance in front of the 
subpharyngeal ganglia before bifurcating. The extra “oesophageal trunks pass onto the ventral 
fkce of the gut in ix and just in front of 13/14 pass off laterally. The left trunk passes into the 
subneuraL All commissures of v-vii and the hearts of ix-xiii pass into the ventral trunk. 
Commissures of v-vii, a pair of large vessels from the gizzard and the hearts of ix open into the 
dorsal trunk. Hearts of x-xiii open into the supra-oesophagcal. In addition each heart of 
x-xiii is connected to the dorsal trunk by a white cord, probably a blood vessel, but only those 
of X are red. A pair of hearts belonging to ix is present but the ventral half of the right heart 
is quite slender. 

Testis sacs of x and xi ate unpaired and suboesophageal. The ventral blood vessel is 
included in the sacs and is almost in contact with floors and roofs both. The nerve cord is 
well below both sacs. The prostatic duct is 2-3 mm. long. 

The spermathecal duct (including the parietal portion) is slightly shorter than the 
ampulla from which it is shaiply demarcated. The lumen of the duct is abruptly narrowed in 
the region of the diverticular junction. The diverticular stalk is nearly as long as the duct, 
the ellipsoidal seminal chamber about one quarter the length of the diverticuhwn. Just in front 
Of each spermathecal duct and sessile on the parictes is a glandular mass. In xviii, on each 
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side, there are three glandular masses, each mass at least partially imbedded in the parietes 
so that some dissection is necessary to discover the multiple nature of the glands and rela¬ 
tionships to genital markings. 

Remarks .—The specimen is in very good condition as is indicated by the preservation of 
the soft lymph glands. The hearts of ix are clearly behind and independent of the membranous 
postgizaard septum. The last two pairs of sperniathecae are anterior to 8/fi. In spite of 
apparent intersegmental location of the spermathecal pores the completeness of 8/9 presence 
of hearts in x and the genital markings necessitate identification as pmgi. The relationships of 
diffrtngens (Baird) 1869 and pingi remain undetermined {tide Gates 1988). 

PheretimA Bubtilis sp. nov. 

Material examined ,—Manured ground in low and damp Shan garden, Meting Nawng 
village, Salween ferry, Pang Long State, Burma, October, 1 clitellate specimen. 

H. Young. 

External characteristics.-^Length 60 mm. Diameter four mm. Unpigmented. 

The setae begin on ii, on which segment there is a complete circle, and are small, closely 
crowded, present ventrally on each clitellar segment: vi/89, xvii/28, xviii/16, xix/24, 42/ii, 
69iii, 86/viii, 76/xii, 16/xiv, 18/xv, 20/xvi, 76/xx. 

The first dorsal pore appears to be on 11/12. The clitellum is annular, yellowish brown, 
and extends from 13/14 to 16/17; dorsal pores and intersegmental furrows lacking. 

Bithecal, spermathecal pores minute and superficial, on 5/6, widely separated. The 
female pore is median. Male pores are minute, each pore at or near the center of a small, 
transversely placed, glistening tubercle with rounded ventral face. The tubercle is slightly 
depressed and partially covered by a thin, lateral flap. The appearance is such as to suggest 
that the male pore tubercle is on the median wall of a slight parietal invagination with a thin 
lateral wall. 

The genital markings are unpaired, median, transversely placed, slightly protuberant, 
intersegmental, on 22/23 and 23/24, extending anteroposteriorly almost to the setae, the mid- 
ventral setae of xxii and xxiv slightly dislocated anteriorly or posteriorly. The anterior 
marking is about twelve in terse tal intervals wide transversely and is slightly larger than the 
other marking. 

Internal anatomy .—Septa 5/6“7/8 are slightly muscular; 8/9-9/10 lacking; 10/11-11/12 
slightly muscular. 

The intestine begins in xv. Intestinal caeca are simple, small, with smooth margins. 
There is a slight rudiment of a glandular collar on the oesophagus just behind the gizzard. 

Hearts of x are lacking but a pair of hearts belonging to ix is present. Hearts of xi were 
not found. All hearts of ix, xii-xiii pass into the ventral blood vessel. 

The testis sac of x is unpaired and ventral, the sac of xi unpaired and U-shaped, reaching 
up to the level of the dorsal face of the gut but not bound mesially to the gut. The seminal 
vesicles of xi are small, included within the testis sac and imbedded in testicular coagulum. 
Vesicles of xii are medium-sized. Prostates extend through xvii-xix. The prostatic duct is 
about 3H mm. long, rather slender, bent into a U-shaped loop, the ectal limb slightly 
thickened. 

The spermathecal duct is slender and somewhat shorter than the ampulla, gradually nar¬ 
rowed within the parietes, the wall rsther thin and with annular ridges internally, the hunen 
abruptly narrowed in the region of the diverticular junction. The diverticulum which passes 
into the medisui face of the duct close to the parietes comprises a stalk on elongately 
tubular seminal chamber only slightly longer and thicker than the stalk and with spermatoeoal 
iridescexice. Both stalk and seminal chamber are looped, the looping in part a{^roximating 
to a regularly zigzagged arrangement. Because of the looping the diverticulum just reaches 
up onto the ectal portion of the ampulla. 

Genital marking glands are sessile on the parietes. 

Bsmor^s.—Difl^culty in characterization of the male extemalia is due to softening and 
slight erosion. P. subiiUs is distinguished from all other bithecal species wiA potta on 5/d by 
the genital markings. 
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Diagnosis* —Bithecal, Bpennathecal pores piinute and superficial, on 5/6, widely sep¬ 
arated. Male pores minute (and invaginate?), each pore on a small tubercle (within a slight 
parietal invagination that has a thin wall?). Genital maHrings unpaired, median, transversely 
placed, on 22/23 and 23/24. Setae present ventrally on all clitellar segments; vi/39, xvii/23, 
xviii/16, xix/24, 42/ii, 69/m, 86/viii, 76/xii, 76/xx. First dorsal pore on 11/12(?). Length 
60 mm. Diameter 4 mm. Intestinal caeca simple. Hearts of x lacking. Testis sacs unpaired; 
of X ventral, of xi U-shaped; seminal vesicles of xi included. Spermathecal diverticulum pass¬ 
ing into the median face of duct near parietes, looped, in part in a regularly zigzagged manner, 
stalk about as long as the slightly thicker, elongately tubular seminal chamber. Genital 
marking glands sessile. 


Crenus Plionogaster Michadsen, 1892 

This interesting but inadequately characterized genus has been recorded only from the 
Philippines (four species) and the Moluccas (Temate, one species) and is supposed (Stephenson 
1930, p. 831) to have evolved from that **polyphletic*’ complex which must be referred to as 
Megascolex for the present. That complex is restricted to two separate areas, one including 
Ceylon and South India, the other including Australia (southwestern, southern, eastern and 
northeastern parts), Tasmania, New Caledonia and Norfolk Island. 

Plionogaster sp. 

MtUerial examined. —Manila, Philippine Islands, October, three aclitellate specimens 
in fair condition. Zacharias de Jesus per Prof. R. C. Osbum. 

External characteristics *—The largest specimen is 160 mm. long, with a diameter of nearly 
four mm. The other worms are much less than half as long. U^pigmented (3). The prosto- 
mium is rather indistinctly marked off but appears to be proepilobous (3). 

Setae begin on ii (3) and are small, rather closely crowded, the setal circles with but slight 
midventral and mid-dorsal gaps, circles of v-x nearer antefior margins of the segments; xviii/19 
(smallest specimen); ca. 90/xii, ca. 66 near the posterior end, viii/30, xvii/23, xviii/10, xix/18 
(largest specimen). 

Nephropores arc first recognizable with some degree of certainty on x though possibly 
present also on ix, and are in three fairly regular longitudinal series on each side to xviii; one 
senes about on the male pore lines, another about on the midlateral line, and the third nine to 
eleven intersetal intervals lateral to the mid-dorsal line. In each series the pores are in the 
setal circles. Toward the hind end the longitudinal ranks are more irregular, the dorsal rank 
three or more intersetal intervals lateral to the mid-dorsal line, the ventral rank about the 
same distances from the midventral line, pores of the lateral rank not always recognizable 
with certainty. The first dorsal pore is on 12/13 (3, but with a jMDre-Hke, possibly functional 
marking on 11/12 of one of the smaller worms). 

Spermathecal pores are small, transversely placed slits on 7/8-^/9 (3). The anterior margin 
of jBach pore (largest specimen) is swollen, the tumescence with a transversely elliptical out- 
liii, sharply demarcated anteriorly by a short, transversely placed furrow. The single female 
pore is median, slightly presetal, on xiv, at the center of a small tumescence of transversely 
elliptical outline (1). 

The male pores are slightly postsetal, transversely placed, small, crescentic slits (3). 
The anterior lip of each pore (largest specimen) is protuberant, the tumescence circular in 
outline, each pore and tumescence at the center of a small, transversely placed, whitened area 
of epidermal (7) thickening. 

The two genital markings, just recognizable on the largest specimen, are of transversely 
elliptical outline, unpaired, extending laterally on each side about to the male pore lines, pre¬ 
setal on XX and xviii (but crossing slightly or dislocating anteriorly 17/18?). A central portion 
of each marking has a greyish translucent i^)pearance. On the smallest specimen there is on 
each side, on xvii and close to 17/18, about in litM with the male porephore, a circular area of 
greyish transluoenoe, indistinctly demarcated, possibly a rudiment of a genital marking. 

/fOsnial oiwfeiwy.—All septa from 5/6 posteriorly are present; 6/6-9/10 muscular, 5/6-8/9 
ei^dlally so. 
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The gut is rather slender and wnitc in vi-ix, the portion in viii slightly widened, of 
spheroidal shape and with thickened cuticular lining (3). In x-xi the gut is more obviously 
vascularized and in xii-xviii is widened, with walls striated by red, circular bands. A definite 
valve is present in the anterior portion of xix but is entirely concealed from view by the anterior 
portion of the intestine which reaches forward into contact with 18/19 (8). The gizzards are 
three (2) or four (1), separated from each other by long, thin-walled but white intestinal annuli. 
The length of each gizzard or intervening annulus is much greater than that of a segment and 
accordingly this portion of the gut is markedly asymmetrical in each specimen. Segmental 
locations of the gizzards were not determined but the first gizzard appears to be in or shortly 
behind xxv. A quite rudimentary typhlosolar ridge is present from xix nearly to the first 
gizzard but does not become recognizable again until 16 or 17 segments behind the last gizzard, 
finally disapi^earing from sight in the region of Ixii (1) or Ixxxv at a point still in the anterior 
third of the body (1), Caeca and supra-intestinal glands are lacking. 

The dorsal blOod vessel (single) is continued anteriorly to the region of iii. The ventral 
blood vessel is unrecognizable anterior to vi. An unpaired supraoesophageal trunk is visible on 
the gut from ix into xviii. On the ventral face of the gut at the median line from the last gizzard 
segment into xix or xv is a vessel which is nearly as large as the ventral trunk, bifurcating in xv 
or xix, the two branches fairly widely separated from each other but adherent to the gut as far 
forwards as ix, ventrolateral to the gut in viii, unrecognizable from vii anteriorly. No sub- 
neural recognizable (3). In the two smaller specimens there are four pairs of large "hearts** 
in x-xiii, each pair probably communicating with the dorsal as well as the supraoesophageal 
trunks. In the other worm "hearts'* are present inxii^xiti but commissural vessels of x~xi are 
much slenderer and white. Blood glands and lymph glands apparently are lacking. 

Anterior to 5-6 and at each side of the gut there is a large mass of nephridial tubules, each 
mass falling apart into three sections with a little probing. In vi-ix, on the anterior face of 
each septum there is a pair of vertically elongated, anteroposteriorly flattened bands of 
nephridial tubules. From xii-xvii (x-xiP) four longitudinal senes of fairly small, closed, 
parietal micronephridia are present on each side, a slender duct passing laterally from each 
nephridium to a longitudinally placed vesicle or bladder which is adherent to the parietes 
(largest specimen). Posteriorly only three ranks of parietal micronephridia are certainly 
recognizable on each side and bladders were not found. Beginning with xviii, at least, there 
is in each segment a pair of meganephridia which reach well towards the mid-dorsal line on the 
parietes just behind the septa. Slightly lateral to the nerve cord on each side and near the 
ventral parietes is a preseptal funnel. The neck is very slender and has not been traced with 
certainty to the nephridial tubule. The duct is also very slender and passes onto the posterior 
face of the septum where it runs dorsally nearly to the margin of the dorsal blood vessel. Pass¬ 
ing posteriorly the size of the meganephridia markedly decreases but preseptal funnels are still 
recognizable almost at the posterior end. On the dorsal face of the gut from a region behind 
the last gizzard to the hind end and in contact with the lateral face of the wide and flattened 
dorsal blood vessel there is on each side a translucent tube, the two tubes with occasional 
transverse connectives. Lacking blood these tubes should be longitudinal excretory ducts 
and very delicate whitish threads representing the segmental ducts of the meganephridia, in 
some segments at least, do pass to the excretory tubes. 

Testis sacs of x and xi are of the cylindrical t 3 rpe and contain in addition to testes and male 
funnels the hearts or commissures and the seminal vesicles of xi. The sacs of the largest spec¬ 
imen are filled with coagulum. Seminal vesicles are also present in xii. Prostates are racemose 
and confined to xviii. The duct is straight, with muscular sheen, thicker ectally, about one 
mm. long. In the largest specimen a filament, probably the male duct, rises from the parietes 
median to the duct and passes into the entalmost portion of the duct. The lumen of the duct is 
slit-like in cross section. 

The spermathecal duct (longest specimen) is shorter than the ampulla and nearly as thick. 
The diverticulum, usually shorter than combined lengths of "duct and ampulla, is rather slen¬ 
derly club-shaped and passes into the duct close to the parietM. The diverticular lumen is 
large with numerous thin but relatively rather high annular (? or spiral) ridges on the ixmer 
wall of the diverticulum. In one of the smaller specimens the spermathecal dtveftiOula are 
ebotit as long as the main spermathecal axes. 
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Remarks .—The number of intestinal gizzards, shape of the spermathecal diverticulum, 
symmetry and location of genital markings and number of longitudinal ranks of micronephridia 
are the characteristics hitherto used for specific diagnosis and identification in the genus 
Plionogasier. So little material has been available for study that the value of these character* 
is tics is uncertain. Number of gizzards may be variable as in the Moniligastndae. A tubular 
diverticulum may be distended entally by spermatozoa after copulation so as to be more or 
less club-shaped. Genital markings may be variable or unrecogmzable except at full maturity. 
The taxonomic value of numbers of micronephridia is unknown and in any case such char¬ 
acteristics must be used with considerable caution in view of the difficulty in recognition of 
nephropores, the fragility of the nephridia and the occasional fragmentation or even complete 
disintegration of tubules (perhaps partly as a result of handling during examination of exter- 
nalia) in specimens that otherwise appear to be very well preserved. 

P, korsii (Beddard) 1886 and P. sivickisi Stephenson 1933, the two species hitherto recorded 
from Manila, apparently are distinguished from each other mainly by the genital markings, 
paired or lacking in sivtckisi, both paired and unpaired in korsii. Prom those species the present 
worms may be distinguished by the presence of unpaired genital markings alone. If however 
there is no intra-specific variation as to number of gizzards, two species are represented in the 
new material. P. jagori Michaelsen 1892, the species supposedly characterized by four 
intestinal gizzards has paired genital markings only. 

Definition of the genus merely as micronephridial (Michaelsen 1900 and Stephenson 1030) 
is obviously incorrect. In view of the condition of the specimens and the limited material 
available an accurate diagnosis is still impossible but the following is suggested tentatively: 
Quadrithecal, spermathecal pores on 7/8-8/9. Female pore median, on xiv. Male pores on xviii. 
Setae perichaetine. Clitellum annular (?), on xiv-xvi (?, dorsal pores, intersegmcntal furrows 
and setae?). Nephropores in setal circles, in three to six (?) longitudinal ranks from ix pos¬ 
teriorly. Unpigmented. All septa from 6/6 present. Gizzards three or four in a region of the 
intestine from xxv posteriorly, a regressive oesophageal gizzard in viii; intestinal origin in xix, 
tyiihlosolc rudimentary, interrupted in gizzard region; ijo calciferous glands. Hearts latero- 
oesophageal in (x-xi)-xiii; extra-oesophageals pass onto ventral face of gut m ix, unite mid- 
ventrally in xv-xix, the united trunks continued posteriorly into gizzard region; no subneural. 
Excretory organs: one pair of open, enteronephric meganephridia with preseptal funnels from 
xviii posteriorly, opening into paired and fairly widely separated, supraintestinal ducts with 
transverse connectives; three to six (?) irregularly longitudinal ranks of closed, exonephric 
parietal micronephridia from ix posteriorly on each side, each nephridium with a longitudinally 
placed bladder (?); from ix anteriorly nephndia m clusters on anterior faces of septa. Holan¬ 
dric, seminal vesicles in xi and xii. Prostates racemose. 

The gizzard in viii and the paired supra-intestmal excretory ducts are similar to conditions 
in Pheretima but the os^en enteronephric meganephridia are like those of Lampiio. The supra¬ 
intestinal excretory ducts are more widely separated than in Pheretima. Intestinal gizzards 
are known elsewhere only in the Lumbricidae. 

t Genus Diplocardia Garman, 1888 

Diplocardia is of particular Interest because of marked, intrageneric variation in char¬ 
acteristics usually uniform in Megascolecid genera or even through groups of genera of consid¬ 
erable size. The male pores, almost always on xviii in the former subfamily Megascolecinae— 
as well as in considerable sections of the Acanthodrilinae, Octochaetinae and Ocnerodrilidae, 
may here be on any segment from xviii to xxi. The primitive condition, location of male pores 
on xviii, is found only in one species, a Mexican form. Species with male pores on xix are 
recorded from southern Florida north into Ohio;Tndiana, Illinois and Missouri, One species 
with male pores on xx is known with certainty only from Nebraska with doubtful records (pos¬ 
sibly ot other species) from Illinois and Ohio. Species with male pores oil xxi have been found 
in Texas and Lower California. 

The intestinal origin, so often in xv in the Megascolecidae, may in Diplocardia be in any 
segment from xiv or xv to xix or xx, and apparetrtly without intraspecific variation. In xiv 
(? but perhaps doubtfully and possibly rather in xx, vide Eisen, 1900), in koehalei (Mexico); in 
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XV, in k^yesi (Lower California)j in xvi, in verruwa (Nebraska); in xvii, in communis (Illinois), 
carolitmua (North Carolina), floridanat mississippiensis, singularis (Illinois), udei (North 
Carolina), and two new species (from Texas and Tennessee); in xviii, in eisom (Florida), lon^a 
(Georgia), mUhaelsati (North Carolina), riparia (Illinois), and two new species (from Florida 
and Tennessee); in xix, in iexensis; possibly in xx, koebeloi (Mexico). Assuming that an intestinal 
origin in xv is primitive and that the greatest departure therefrom is the most highly special¬ 
ized, the primitive species is Mexican ^hile the most specialised are in Texas and possibly 
Lower CaUfomia. 

The primitive spermathecal battery presumably comprises four spermathecae and quad- 
rithecal species have been found from Mexico to Nebraska while sexthecal species are now 
known only from an area including Georgia, North Carolina, Tennessee and Illinois. Species 
with last hearts in xii are present from Mexico to Nebraska but those with hearts in xiti have 
been found only in the area from Florida and Texas north through Georgia and Mississippi 
into Illinois. 

Smith (1924) commented on the absence of calciferous glands in species from the north 
central states and the presence of such glands or high lamellae in forms from the southern 
states, North Carolina to Florida and Mississippi. New species from a more southern portion 
of Florida and from Texas, however, have as rudimentary lamellae as any of the more 
northern forms. 

Designation of known species as definitely primitive or highly specialized is impossible, 
the one with primitive intestinal origin has the greatest degree of specialization in posterior 
dislocation of male pores, while the species that as primitive with regard to location of male 
pores may have the most posterior intestinal origin. Species with greatest development of 
calciferous glands (internal) have male pores on xix only slightly behind the primitive location. 

DiplocardUt alba sp. nov. 

Material examined. —Roadside ditch, Yellow Fern Creek, Fort Myers, Lee Coimty, 
Florida, January 21, 1941, 12 partially clitellate or clitellate specimens. Prc^. 

W* M, Barrows. Roadside ditch, Fort Myers, Florida, February 19, 1941, 6 small 
juveniles and 31 partially clitellate or clitellate specimens. Prof. W. M. Barrows. 

External cAarac/sn^/icj.—Length to 76 mm. Diameter 2 mm. Unpigmented. Prosto- 
mium apparently epilobous but with no transverse furrow at posterior edge of tongue. 
Nephropores are not certainly recognizable but appear to be on d. Setae begin on ii on which 
all four couples are present; on xxiii, a&<cd<6c<£ki, dd ca.-HC; ventral setae of xviii-xx 
unrecognizable (16), on viii-ix usually deeply retracted into the parietes and with the tips 
just visible in the epidermis or invisible, in which case the openings into the setal follicles are 
clearly visible. The first certainly functional dorsal pore is located on 10/11 (4), 11/12 (11) 
or 12/13 (1) but one or two rather pore-Kkc markings anteriorly may represent functional 
pores. The clitellum is light yellow, slightly protuberant when fully developed, annular, 
extending from 12/13 to 17/18 (16), the clitellar coloration lacking in oa on xiii and xvii; sites 
of intersegmental furrows slightly indicated (more so ventrally), dorsal pores lacking, setae 
present. 

Qtiadrithecal, spermathecal pores minute, about the same size as apertures of setal fol¬ 
licles, on viii and ix, in oh, usually slightly nearer to h than a, the anteroposterior location 
variable; slightly behind 7/8 and 8/9 (21); slightly behind 7/8, midway between 8/9 and setal 
arc of ix (8); slightly behind 7/8, just in front <rf setal arc of ix (6); midway between 7/8 and 
setal arc of viii, on or just in front of setal arc of ix (9). Female pores are minute, antero¬ 
median to a and slightly nearer to the o setae than to each other (16), on an indistinctly demar¬ 
cated, transversely placed area cl epidermal whitening. On one specimen there is a single 
median female pore, 

A male genital shield is not definitely mariced off but an area between the setal arcs of xiii 
and XX may be very slightly protuberant. Seminal giroves are nearly straight, fairly deep— 
the median margins especially tumescent, in oft, between setal arcs of xviii mul xx. Prostatic 
pores (not always recognizable) are at the termini of the seminal grtmves. Mnlu poms are 
minute, each pore on a tiny, knob-hke protuberance from the lataril wall of the seminal groove, 
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the knob about on the setal arc of xix. There are no genital markingB but a tiny, circular area 
around each aperture the ventral setal follicles of viii and uc is greyish translucent and within 
a small, circular area of slight tumescence. 

InUmal anatomy. —All septa are present from 6/6; 7/3-9/10 most opaque but no septa 
thickly muscular. 

Gizzards are in v and vi (16). The gut is slightly widened at 12/13. In xiv^vi on the inner 
wall of the gut there are very low, longitudinally placed lamellae which are less obvious in 
xiii though the outer wall in that segment is as vascularized as in xiv-xvi. The intestine begins 
in xviii (10), the oesophageal valve anteriorly in the same segment. The typhlosole is repre* 
sented by a very low, whitish ridge which begins in xviii and is unrecognizable behind Ixvi or 
Ixxvi (worm with 131 segments). 

The dorsal blood vessel is doubled from xvii through vii (13) or vi (1), the doubled portions 
widely separated, the trunk simplex in the region of the septa. The trunk may be slightly 
doubled in xviii and perforate in xix (2) but apparently is never doubled antenor to 6/6. A 
Bupra*oesophageal trunk is unrecognizable, the extra*oesophageals recognizable only in v-vi 
beneath the gizzards and even there empty. Apparently no subneural (10). Vascular loops in 
x~xiii are larger than anteriorly and with two branches dorsally from each loop, one to the 
dorsal trunk and the other to the gut but both branches are filamentous and without blood. 
The last pair of hearts is in xiii (16). 

Nephridia begin in ii. Preseptal funnels have been found only in the posterior segments 
and are close to the ventral parietes in ab. 

Testes, free in x and xi, are bifid or trifid and flattened. Male funnels are large and with 
marked iridescence. Coeloroic cavities of x and xi are filled with coagulum. Seminal vesicles 
are in ix and xii (16), the posterior larger. Prostates are in xviii or xviii-xix and xix-xx and 
are fairly short, not much longer than the ducts, flattened. Prostatjc ducts are over two mm. 
in length, with marked muscular sheen, C-shaped with a short and narrowed ental portion in 
one or two U-shaped loops. The male deferent ducts of a side come into contact posteriorly 
in xii and from thence on may be looped, the loops protuberant from the parietes, passing lat¬ 
erally but close to the prostatic ducts of xviii and into the parietes in xix midsegmontally, the 
ducts united just within or just prior to entrance into the parietes. 

The spennathecal duct which is clearly marked off from the rather heart-shaped ampulla 
is narrowed within the parietes in a rather conical fashion and widened entally from just below 
the region of the diverticular junction. The lumen is large entally and elliptical m cross 
section but ectally is narrow. The pendent diverticulum which opens through a slight conical 
protuberance apparently on the lateral face of the duct (spermathecae usually slightly twisted) 
near the ampulla by a pore on a small tubercle, vertical ridge or prominence, comprises an 
ellipsoidal seminal chamber and a very short and slender stalk almost at right aisles to the 
chamber. Occasionally the spermatozoa in the seminal chamber are in one large ventral and 
one, two or three smaller masses dorsally, slight furrows on the surface of the stalked end of 
the diverticulum partially marking off small lobes. 

Copulatory setae (ventral couples of viiWx) are curved slightly in a sort of arc, the tip 
soikewhat hastate but with a rather shallow, scoop-shaped depression on the side of arc cem- 
cavity, ornamentation of 12 to 16 irregularly and widely interrupted circles of closely crowded, 
fine spines. At the margins of the shafts light transparent spots are visible just octal to the 
circles of ^ines and the niargin is incised. Setal follicles are present within the parietes on 
the median faces of the (Static ducts but scarcely reach into the coelomic cavities. Attempts 
to remove the setae failed. 

Abnormamy^—Ooe specimen lacks the right anterior prostate and duct. 

RmerJbj.—The intestine of <me specimen, aside from a brown flecked slime and a few 
scattered bits of black organic matter, is fiUed with quartz pebbles. 

Of those species of Dipheardia with male pores on xix, only eisem (Michaelsen) 1694 and 
miisissippimsis Smith 1924 have hearts in xiii and a doubled dorsal blood vessel. D, ailm is 
distingui^ed from susRf by the presetal location of the spermathecal pores and absence of high, 
lainellar Mds in the oaldlerous section of the gut, and from mississippiensis by the absence of 
calciferous glands» the rudimentary typhlosole and the simple spennathecal diverticulum. 
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£7, eiseni and D. ftoridana Smith 1924 are the only species hitherto reported from Florida. 
From fioridana, alba is distinguished by the rudimentary typhlosole, the presence of hearts in 
xiii, the simplex condition of the dorsal trunk in xx-xxv, absence of calciferous glands and the 
simpler spermathccal diverticulum. 

Diagnosis .—Male pores on xix on setal arc. on very small knobs on lateral walls of straight 
seminal grooves extending in oft between setal arcs of xviii and xx. Prostatic pores at termini 
of seminal grooves and on setal arcs of xviii and xx. Quadrithecal. spermathecal pores on 
presetal portions of viii and ix in ah. Female pores anteromedian to a. Setae: afe<crf<6c<<k*. 
dd ca. - C. ventral setae of viii-ix slightly arced, tip rather hastate but slightly hollowed 
on concave side of arc, ornamentation of irregularly interrupted circles of very fine spines; 
(penial setae?). Clitellum annular, 12/13-17/18. First dorsal pore on 10/11-11/12. XJnpig- 
mented. Length to 75 mm. Diameter 2 mm. 

Gizzards m v^vi; no calciferous glands, longitudinal lamellae in xiv-xvi low; intestine 
begins in xviii, t:''phlosole rudimentary. Dorsal blood vessel double in vii-xvii; last hearts in 
xiii. Spermathecal duct as long as ampulla, a pendent diverticulum with ellipsoidal seminal 
chamber opening by a very short and slender stalk through a conical protuberance on lateral 
face of duct into a widened ental portion with large lumen. 

Distribution .—Known only from the type locality, Fort Myers, Lee County, Florida. 

Diplocardk fusca sp. nov. 

Material examined. —Agricultural soil, Fort Worth, Texas, March, 1941, 1 achtellate 
specimen. Prof. R. F. Chandler, Jr. 

External characteristics .—Length (strongly contracted) 292 mm., the last eight segments 
uniformly small and possibly regenerate. Diameter 8 mm. There is at least one metamenc 
abnormality in the posterior half of the body. The dorsum of the anteriormost forty mm. is 
a fairly dark brown, but posteriorly the color rapidly disappears until the dorsum appears to be 
white though scattered brown decks are still recognizable for some distance tmder the binoc¬ 
ular, the pigment again recognizable and fairly dense on the dorsum of the last twenty mm. 
The prostomium is slightly proepilobous. From ii posteriorly there are two deep secondary 
furrows on each segment. Prom vi posteriorly a tertiary furrow is present on each of the first 
and third secondary annuli. Passing posteriorly these tertiary furrows become as deep as the 
secondary furrows. Nephropores are slightly dorsal to d, on the anterior margins of the seg¬ 
ments from iii posteriorly. A pair of pit-like depressions on ii probably are nephropores as 
nephridia are present in ii. Setae are unrecognizable wholly or in part on the anterior segments. 
Onxxiii the formula is approximately as follows: ab \ cd :aa : be :: I :l : 4 ; 7, dd ca. C. The 
first dorsal pore ai^ars to be on 12/13 but there is a pore-like marking on 11/12. 

Spermathecal pores are quite small, traiisversely placed slits on vii and viii ca, on a, very 
slightly behind 6/7 and 7/8. Female and male pores are unrecognizable. Prostate pores are 
transversely slit-like, at the termini of the seminal grooves on the setal arcs of xviii and xz 
and somewhat median to b. 

Seminal grooves are slightly concave laterally, reaching to the setal arcs of xviii and xx 
about at mid ab and mesially on xix to a. A genital shield is not marked off, a median region 
between the a lines of xix slightly depressed. Setae a and b of xviii and xx are closely paired 
and just median to the prostatic pores, the a setae slightly displaced laterally, the b setae even 
more displaced mesially. Ventral setae of xviii if present are unrecognizable. Transversely 
placed, anteroposteriorly short tumescences reaching laterally on each side nearly to a on 
17/18, 18/19, 19/20 and 20/21, with smooth, glistening, convex surfaces, may ht genital 
markings. 

Internal anatomy .—Septum 4/6 is present but delicate, 5/6 strengthened but transparent, 
6/7-10/11 thickly muscular, 11/12 muscular and opaque but not as thick as 10/11, 12/13 
strengthened but slightly translucent, 13/14 and several succeeding septa strengthened but 
increasingly transparent. 

Gizzards are in v and vi. In vii-ix the inner wall of the oesophagus is marked off into low, 
longitudinal, white ridges. Midsegmentally in each of segments vii-ix and transversely placed 
on the dorsal surface of the gut is a small but quite obvious, lobulated ridge of a slightly iri- 
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descent (glandular?) material. There are no lamellae or calciferous glands but in xi-xiii the 
inner wall of the oesophagus is provided with numerous, closely crowded, dark red, papillose 
projections, often pear-shaped or shortly ridge-hke. The projections are less marked in x and 
decrease in size gradually in xiv to mid xv where they end. On the floor of the gut at the 
median line in xi-xvi there is a fairly high, dark red ridge somewhat like a typhlosole. The 
inner wall of the gut in the posterior half of xv and in xvi is smooth and with a rather velvety 
appearance. The oesophageal valve is in the anterior portion of xvii, the intestine beginning 
abruptly in the posterior half of xvii. The typhlosole begins abruptly in xxii and is of the 
simple, lamellar type, about two mm. high, the lumen slit-like in cross section and filled with 
blood. The typhlosole gradually decreases in height posteriorly and is unrecognizable behind 
cxxiv at a point 138 mm. from the anterior end. Presumably as a result of the strong contraction 
of the worm the typhlosole is folded in a regularly zigzagged manner. On the floor of the gut 
in xlviii-lxxxvi, just lateral to the median line on each side, there is a well marked, dark red, 
longitudinal ridge. 

The dorsal blood vessel is doubled in v*xv and anterior to 4/6 remains doubled until it 
disapfiears from sight in the pharyngeal bulb. In xvi-xviii the doubled portion is considerably 
shortened. From xix the dorsal trunk is perforated midsegmentally, the perforations at first 
large enough to permit passage of a pin but filled with chloragogen. Posteriorly the perfora¬ 
tions become smaller and eventually disappear as the trunk loses its broad, flattened ai7F>ear~ 
ance and becomes more nearly circular in section. The supra-oesophageal trunk disappears 
into the gut slightly behind 13/14 and is continued forwards to 9/10. Anterior to that septum 
the supra-oesophageal appears to be continued as a somewhat irregular, small vessel to 6/7 but 
is paralleled on one side from 9/10 to 6/7 by a slightly smaller vessel. The extra-ocsophageals 
pass onto the ventral surface of the gut in xi and unite mesially in xiii, passing through 4/5 close 
to the ventral parietes and then turning upwards to unite just underneath the dorsal trunk so 
that the vertical portions in front of 4/6 at first look like commissures from the dorsal vessel. 
Several large vessels from the dorsal face of the pharyngeal bulb pass into the extra-oesoph- 
ageals and also a large vessel on each side from the vent ml panetes. The extra-oesophageals 
are in communication with each other through short, transverse connectives in vii and ix. The 
ventral trunk bifurcates just in front of the suboesophageal ganglia, the two branches passing 
laterodorsally. There is no subneural trunk. Hearts of x-xiii are latero-oesophageal, opening 
into both dorsal and supra-oesophageal trunks. Smaller loops, in v-ix, open only into the 
dorsal trunk. All loops and hearts pass into the ventral blood vessel. 

Nephridia begin in ii and gradually increase in size posteriorly but m xxiii reach only just 
beyond d. The necks (preseptal) which are long enough to reach half way or more towards the 
anterior septa are close to the ventral parietes at or just lateral to 6. The neck terminates 
entally in a small, dark annulus of the same diameter as the neck so there is practically nothing 
of a ''funnel” shape. 

Testes are fairly large, bushy masses free in x and xi. Male funnels are rosette-shaped, 
those in xi with a very slight iridescence, possibly spermatozoal. Seminal vesicles, in ix and 
xii, are medium-sized and acinous. The prostates are not confined to single segments. The 
ddcts are three to four mm. long, slender, nearly straight, with slight muscular sheen. 

The spermathecal duct is of about the same length as the (probably strongly contracted) 
ampulla and only slightly narrower. Bctally the lumen is transversely slit-like in cross section 
but entally is widened ohd rather star-shaped in cross section due to the presence of several 
longitudinal ridges that nearly meet in the center. The lateromesially flattened diverticulum 
is on the anterior face of the duct and connected to the septum next in front by a mesentery. 
Only the ental half is attached to the duct. In the anterior portion of the diverticulum are 
fteveral small seminal chambers, each apparently^ opening into a vertical passage (circular in 
cross section) located in the portion next to the duct and which opens through a single pore 
into the duct near the ampulla. 

Iridescent material, probably spermatozoal, is present in some of the seminal chambers 
though this was discovered only on dissection. 

i^emarA$.--^Lipg of spermathecal and prostatic* pores are in apposition, the pores recogniz¬ 
able only after slight traction in the neighboring region has separated the lips. Before this 
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was observed very definite grey, translucent spots on 6/7 and 7/8 (as well as on 8/9) just in 
front of the real sperms thecal apertures were suspected of being sites of the pores. Inability 
to remove cuticle from a recently preserved specimen may explain failure to recognize male 
and female pores. 

The clearly visible nephropores enabled confirmation of a prior segmental enumeration, a 
matter otherwise of some diflSculty because of the depth of secondary and tertiary furrows 
and also because of the absence or invisibility of setae anteriorly. 

The vaaa deferentia were not traced and no effort was made to remove the penisetal follicles 
of xviii and xx, or what appeared to be follicles of the ventral setae of xviii, or the ventral setae 
of vii^ix. 

The spennat 02 oal iridescence in the seminal chambers of the spermathecae would appear 
to indicate a postsexual condition, but no evidence of clitellar regression was recognized. 

D. fusca laperhaps as close to Ma as to any species now known and is distinguished there' 
from by the larger size, the location of the spermathecal pores on vii and viii, the more anterior 
intestinal origin, the Larger typhlosole and characteristics of the spermathecal diverticulum. 

One other species, Z>. texensis Smith 1924 has been recorded from Texas (ChilUcothe) but 
is clearly distinguished from fusca by location of the prostates and male pores on xx-xxii, absence 
of hearts of xiii, the simplex condition of the dorsal blood vessel, as well as other important 
characteristics. 

Although a satisfactory diagnosis cannot be given until elite 11ate specimens have been 
examined D. fusca is clearly distinguished from all other species by its large size and from 
other quadrithecal species by the location of the spermathecal pores on vii-viii. 

Dqdocardia gracilis sp. nov. 

UaUrial examined. —(Lebanon?), Tennessee, October 6, 1914, 1 clitellate specimen. 

Prof. H. A. HiJI per U. S. Nat. Mus. 

External characlifistics. —Length 68 mm. Diameter two mm. Pigmentation unrecognizable 
(alcoholic preservation). The prostomium is proepilobous, the indentation of i slight. Sec* 
ondary furrows are recognizable only posterior to the clitellum, one presetal and one postsetal 
on each segment. Nephropores, at least from v posteriorly, are on or slightly dorsal to d. 
Setae begin on ii on which all four couples are present; on xxiv, ah co.«*af, 6c<flo, ddca.^}/i C. 
The first dorsal pore is on 9/10. Clitellar coloration, a faint yellowish, is recognizable with 
the binocular on xiv-xvii, the opideimis of those segments clearly though but slightly thick¬ 
ened at the mid-dorsal incision as well as midventrally in aa. 

Quadrithecal, spermathecal pores minute, postsetal on viii and ix, slightly nearer the 
setal arcs than to the intersegmental furrows, slightly median to b except the left posterior pore 
which is about at mid ah. The margin of each aperture is opaque, the pore centrally located in 
a tiny, slightly depressed, circular area of greyish translucence. Female pores are very 
slightly median to a and about midway between 13/14 and the setal arc. 

Seminal grooves are nearly straight, just median to reaching nearly to the setal arcs of 
xviii and xx. Male pores are in the seminal grooves slightly behind 18/19 on tiny rounded 
tumescences. Prostatic pores are just lateral to the termini of the seminal grooves and about 
on b. Just median to the prostatic pores and about at the ends of the seminal grooves are the 
very closely paired apertures of the penisetal follicles of xviii and xx. 

Genital markings are transversely placed areas of brownish translucence in oo at the pos¬ 
terior margins of xxi-xxvi (furrows 21/22-22/23 invisible ventrally). On each of these areas 
there are visible, but only with right direction of light, three, tiny, circular opaque spots. 

Internal anatomy. —None of the septa are especially muscular. 

Gizzards are in v and vi. The gut is slender in ix-xvii, the inner wall in »-xv provided with 
low, papillose protuberances in several longitudinal rows, calciferotis glands and lamellae 
lacking. The intestine begins abruptly in mid xviii, the oesophageal valve anteriorly in xviii. 
The t3rphlo3ole which begins in xx is fairly high and thickest ventrally, rather oval in cross 
section, the lumen—filled with blood—also oval in section. 

The dorsal blood vessel is single. Extra-oesophageal trunks are present. No subneural 
trunk. The last hearts are in xii. 
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Holandric, the male fuimele small and with thick, rounded rims. Seminal veaciles are 
acinous and in ix and xii. Prostates are restricted to xviii and xx, the ducts ca. one mm. long, 
shorter than the glands, nearly straight, slender, with slight sheen. Male deferent ducts of a 
side pass in xviii close to the prostatic ducts laterally and then into the parietes just behind 
18/19, uniting within the body wall. Two penisetal follicles project conspicuously into the 
coelomic cavities just median to each prostatic duct but are less than half as long as the 
prostatic ducts. The main portion of the shaft of a penial seta is nearly straight but an ectal 
portion is slightly curved the arc of curvature variable, several setae bent at region of 
curvature. The tips of some are bifid. One seta, apparently the least worn, has a deep 
incision marking off slightly ental to the tip a large, triangular tooth. The bifid appearance of 
the other setal tips is then presumably due to erosion of the real tip. Ornamentation sparse, 
of several circles of fine spines, not always recognizable (worn?). 

The spennathecal duct is about as long as the ampulla from which it is clearly marked 
off, narrowed in the panetes and widened from below the diverticular junction entally. The 
single diverticulum is lateromesially flattened, the pointed ventral end reaching to the 
panetes, the dorsal half adherent to the anterior face of the duct, opening mto the duct entally 
but quite definitely below the ampulla. 

Ventral setae of viii and ix but not of vii and x are enlarged, without noduli, slightly curved, 
with simple tips, ornamentation of three or four longitudinal rows of four or five elongated but 
slender spines. Near each spine there is a longitudinal groove or slit (possibly an artefact). 

The body wall is uninterrupted over sites of the genital markings but in section the epi' , 
dermis (or an outer portion) of the white circles appears to be transparent thus permitting 
recognition of a small, opaque body, possibly a gland or entral modification of the epidermis. 

-^Spennatozoal iridescence on the male funnels indicates sexual maturity but 
there is no iridescence ui the spennathecal diverticula and the clitellum certainly does not 
appear to be fully developed. The bending of ectal portions of the penial setae may have been 
produced in removal of the setae but erosion of tips and ornamentation may be evidence for 
believing that the worm is in a postsexual stage of clitellar regression. 

D, gracilis with four spermathecae, single dorsal bloo^ vessel and last hearts in xii is close 
to D. udei Eisen 1899 from which it is distinguished by the following characteristics: (1) pro- 
epilobous prostomium, (2) location of first dorsal pore on 9/10, (3) absence of genital markings 
in bCf (4) presence of genital markings in oa, (6) postsetal location of spermathecal pores, (6) 
presence of a definite, external spermathecal diverticulum, (7) absence of copulatory setae 
in X, (8) intestinal origin in xviii, and possibly also by differences in the setal formula, shape 
and ornamentation of copula tory and penial setae. 

Diplocardit omata sp. nov. 

Material examined, —(Lebanon?), Tennessee, October 6, 1914, 7 aclitcllate and 49 
clitellate specimens. Prof. H. A. Hill per U. S. Nat. Mus. 

External characteristics ,—Length 70-110 mm. Diameter 2-3H Pigmentation unrec¬ 

ognizable (alcoholic preservation). Prostomium tanylobous (53). On v or vi to xii each 
segment may have two secondary furrows, one presetal and one postsetal. Posterior to the 
clitellum secondary furrows are usually unrecognizable. Nephropores from iii fxjsteriorly are 
on or slightly dorsal to d, on ii in line with furrows forming the lateral margins of the tongue of 
the prostomium or slightly ventral thereto. Setae begin on ii on which all (our couples are 
present; on xxiv, a6<cd, &c<aa, dd ca.« H C. The first dorsal pore is on 10/11 (25) but on sixteen 
of those specimens theite is a more or less j)ore-like marking on 9/10 which may indicate on a 
few of the specimens presence of a functional pore. The clitellum is reddish brown and, with 
Ijreatest development, extends (tom 12/13 to 18/U} but may be lacking or almost unrecogniz- 
Wble on xiii and xviii and even with full development on those segments the clitellar epidermis 
is much thinner than on xiv-xvii, lacking in ca which is always white. Intersegmental furrows 
more or less definitely indicated, dorsal pores usually lacking, setae present. 

Sexthecal, spermathecal pores tiny (slightly larger than the female pores), transversely or 
diagonally placed slits on the anterior margins of viHx just behind the intersegmental furrows, 
on or just lateral to a, each pore on a slightly tumescent, greyish translucent area often mark- 
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edly protuberant like a small tubercle and reaching to the intersegmental furrow in front. On 
one worm the right pore of viii is on h. Female pores are anteromedian to closer to each 
other than to a or nearer to a, nearer the setal arc than 13/14, on a transversely placed area of 
marked epidermal thickening that may reach laterally to a or b, the outline elliptical. 

Seminal grooves are in ab, usxially perhaps nearer to b^ nearly straight (apparently often 
distorted by some local contraction) and reaching almost to the setal arcs of xviii and xx. 
Male pores are in the seminal grooves behind 18/10 and may or may not be on tiny, rounded 
tubercles which vary in position from just behind 18/19 to level of a presetal secondary furrow. 
A genital held is not marked ofi but lateral or median or both margins of the seminal grooves 
may be more or less markedly tumescent or each groove may be within a longitudinally placed 
area of tumescence as in certain species of DichogasUr or some of the Ocnerodrilids, or tumes¬ 
cence may be recognizable only in nearly circular areas around the termini of the seminal 
grooves. Prostatic pores are just lateral to the termini of the grooves, about on 6, the very 
closely paired ^>ertiires of the peni-setal follicles at the termini of the grooves. 

Genital markings of 20 si)ecimens are located as follows: 15/16 (4), 16/17 (20), 17/18 (20), 
20/21 (4), 21/22 (19), 22/23 (10), 23/24 (18), 24/25 (6). These markings are recognizable and 
their characteristics determinable only with some difficulty. On the clitellar region with 
recognizable individual peripheral and central portions (both opaque), paired, closely in aa on 
16/16, more widely separated on 16/17 (with centers on or close to a), still more so on 17/18 
(with centers on or near mid ab). Posteriorly markings may have much the same appearance 
as anteriorly and be also widely sefiarated, but more usually all that may be recognized are 
transversely placed areas of brownish translucence, at first in bb but posteriorly contracting 
into aa. On each these areas, with proper illumination there are recognizable tiny, sharply 
demarcated, circular areas of opacity, of which there may be four, three or two, or occasion¬ 
ally one—asymmetrical, in transverse rows. 

Jnlemal anatomy ,—Septa 6/6~6/7 are strengthened but transparent to translucent, 7/8* 
10/11 muscular but not especially thickened, 5/6-8/9 funnel-shaped. 

Gizzards are in v-vi (10) but 6/7 comes into contact mesially with the gut at or just in 
front of the anterior margin of the posterior gizzard and must be peeled off carefully before 
the correct location is recogmzable. The gut in ix-xvi usually is rather slender. On the floor 
of the oesophagus in x-*xiv is a fairly high longitudinal ridge gorged with blood (10). On the 
inner walls of the gut in x-xiii there are numerous papillose protuberances (gorged with blood) 
with a recognizable tendency to arrangement in longitudinal rows but lamellae and calciferous 
glands are lacking (10). The intestine begins in xvii (10), the oesophageal valve anteriorly in 
xvii or at the region of attachment of 16/17, The typhlosole begins in xix or xx (10) and is a 
fairly high (ca. one mm.), simple lamella, with lumen vertically slib-like in cross section and 
filled with blood, gradually decreasing in height posteriorly and unrecognizable behind 
Ixvii-lxx, 

The dorsal blood vessel is single (10). A supra-ocsophageal trunk is recognizable between 
8/9 and 12/13, Extra-oesophageal trunks pass onto the gut in ix and unite mesially in xiii or 
xiv, anterior to 4/5 with one large branch close to the ventral parictes forwards to i, and smaller 
branches to the lateral and dorsal faces of the pharyngeal bulb. The ventral trunk bifurcates 
just anterior to the subpharyngeal ganglia. No suhneural trunk (10), Hearts of x-xii are 
latero-oesophageal but the branch to the dorsal trunk is slender and white. The last pair of 
hearts is in xii (10). In xiv on each side there is a fairly large, longitudinally placed vessel on 
the parietes latero-ventrally. In xiii that vessel turns dorsally and eventually passes to the 
ventral face of the gut and possibly to the extra-oesophageal, a loop occasionally reaching up 
nearly to the dorsal trunk with something of an appearance of a heart. 

Nephridia, behind the clitellum, reach laterally on the parietes about to level of funnels 
small, close to the ventral parietes slightly lateral to Funnels of nephridia of ii have not 
been found. 

Holandric, male funnels rosette-shaped and with brilliant spermatozoal iridescence. Sem¬ 
inal vesicles are in ix and xii, acinous (10). Prostates are relatively large and extend through 
several segments, as many as ten to twelve. The ducts are slender, with slight sheen, ca, two 
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mm. long, looped entally, slightly longer (ca. 34 nim.) than the pcnisetal follicles. In xviii 
the male deferent ducts of a side pass just lateral to the prostatic duct, penetrating into the 
parietes slightly behind 18/19, uniting just within the body wall. 

Penial setae are more than one mm. long, variously curved but not S*shaped, the tip 
slightly flattened on opposite sides, ornamentation of rather widely separated circles of saw- 
teeth-like appearance. Setae are often bent, wrinkled, with tips broken off, occasionally with 
slight hbrillation of the ectalmost portion, the ornamentation apparently more or less eroded. 

The spermathecal duct is narrowed rather abruptly near the parietes, rather conical within 
the body wall, sharply marked off from the wider, often rather heart-shaped ampulla. On 
the anterior face of the duct near the ampulla is a thick-walled, hemispheroidal protuberance 
which is continued ectally for a short distance within the wall of the duct and finally opening 
into the duct lumen. Immediately lateral to that chamber is a lateromesially flattened, 
vertically placed diverticulum with pointed lower end reaching to or nearly to the ventral 
parietes, adherent to the duct by the upper half and apparently opening into the duct lumen 
independently. When filled with spermatozoa slight constrictions may mark off two, three, 
four or five lobes. 

The ventral setae of vii-ix are sigmoid but ornamented ectally by short, transversely placed 
rows of fine spines. These setae are slightly larger than the ventral setae of vi and x which are 
similarly ornamented. 

The longitudinal musculature is uninterrupted over the sites of genital markings which 
are areas of marked epidermal thickening. 

Abnormalities. —One specimen has a spiral metameric abnormality in the clitellar region; 
right spermathecal pore of viii lacking, clitellum one segment further anteriorly on the right 
Side and two segments further posteriorly on the left side with abrupt demarcation on the 
three segments exactly at the mid-dorsal line, seminal grooves on two segments only and one 
segment behind on the left side, right female pore on xiii, right heart of xii lacking, a seminal 
vesicle m xi—right side, right posterior vesicle rudimentary, nght ovary in xn. left posterior 
prostate lacking, right posterior jirostate rudimentary. 

In another worm the ampulla of the left anterior Bi)enSnatheca is completely divided mto 
three lobes, the median and lateral ellipsoidal, smooth-surfaced and distended by hard trans¬ 
lucent material, the middle lobe slightly larger and more irregular. 

Parasites. —On the cuticle of several specimens there are numerous small, whitish cysts of 
rather variable size and Rhaf)e. Each cyst has a thick rind composed mainly of radially 
placed, needle-shaped crystals apparently of calcium carbonate. Occasionally cysts are closely 
crowded into plates a millimeter or so in diameter in which definite boundaries of cysts are 
indistinct or unrecognizable. 

Remarks. —Genital markings are no more easily recognized on fully sexual specimens than 
on the type of gracilis. 

Gizzards have been located in vi~vii in two species of Diplocardia but in one of these the 
location has been corrected by Stephenson (1933) to v-vi. In the remaining form location in 
vi-vii may need confirmation, especially in view of the confusion that might be caused by the 
adh^nce of funnel-shaped septa to the gizzards. 

With six Bpermathecae, single dorsal blood vessel and last hearts in xii, D. ornata is close 
to D. singularis (Ude) 1893 and D. caroliniann Eisen 1899 from which it is distinguished as follows: 
Prom singularis by (1) the tanylobous prostomium, (2) location of first dorsal pore on 10/11 
(or even 9/10), (3) location of nephropores on or dorsal to rf, (4) segmental location of the sper¬ 
mathecal pores, (6) saddle-shape of clitellum, (6) ornamentation of the penial setae, (7) loca¬ 
tion of genital markings in aa, (8) location of genital markings on mtersegmental furrows, (9) 
presence of thick-walled accessory diverticulum on the spermathecal duct, (10) shape of sper¬ 
mathecal diverticulum, and possibly also by differences in setal formula. From caroliniana 
by (1) the tanylobous prostomium, (2) location of first dorsal pore, (3) saddle-shape of cli- 
tellum with posterior boundary at 18/19, (4) location of prostatic pores on b and slightly more 
lateral location of the seminal grooves, (5) presence of accessory chamber or diverticulum on 
spermathecal duct, (6) shape of spennathecal diverticulum, (7) definitely marked off, relatively 
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Wider and shorter spermathecal ampulla, (8) circles of saw-tooth ornamentation on penial 
setae, and possibly also by a more anterior location of the male pores (vide Bisen, 1900, pi. 
xiii, fig. 137b). Original descriptions of both species (Eisen, 1899) are unavilable as also the 
types. 

In view of the differences m method of preservation and in manner of description, the pos^ 
sibility of variations in connection with certain characteristics as well as of deformations that 
may affect recognition of characteristics of penial setae, determination of the taxonomic value 
of some of the apparent distinctions is at present difficult. Some of the differences listed 
would not be regarded as of taxonomic value in certain other Megascolecid genera. The dis¬ 
tinctions are so numerous and so consistent on all of the material examined that it seems 
advisable at present to regard the Tennessee forms as specifically distinct from both singularis 
and car&kniana, Recharacterixation of both species from properly preserved, sexual material 
from type localities is needed. There is also reason for suspecting that worms from Illinois and 
Indiana which have been identified as $ingularis differ from the types (or perhaps only from the 
original description) in ways that are more important than has been recognized (vide Risen, 
1900, and Heimburger, 1914). 

Diagnosis, —^Male pores slightly behind 18/19, in straight seminal grooves extending in a 
lateral portion of at between setal arcs of xviii and xx, prostatic pores in 6 and just lateral to 
termini of seminal grooves. Sex thecal, spermathecal pores slightly behind 6/7-'8/9, on or just 
lateral to 6. Genital markings on 15/15-17/18, 20/21-24/25, paired or in transverse rows of 
4,3. or 2. Female pores anteromedian to a. Setae; ab <^i, be<jaa, ddca,»H C, ventral setae of 
vii-lx slightly enlarged but ornamented as on vi and x. Clitellum saddle-shaped, 12/13-18/19. 
First dorsal pore on (9/10) 10/11. Nephropores on or slightly dorsal to d but on ii at or just 
below levels of lateral furrows of the prostomium. Prostomium tanylobous. Pigmentation? 
I-ength 70-110 mm. Diameter 2-3J4 mm. 

Gizzards in v-vi; no calciferous glands or lamellae but papillose protuberances on inner 
wall of gut in x-xiii arranged in more or less regular longitudinal rows; intestine begins in xvii, 
typhlosole begins in xix-xx, of simple lamellar type. Dorsal blood vessel single, last hearts in 
xii. Spermathecal diverticulum lateromesially flattened, vertical, opening into duct entally 
just lateral to a hemispheroidal, thickwalled protuberance. Penial setae 1 mm. long, tips 
pointed, slightly flattened on two opposite sides, with a few circles of saw-toothdike 
ornamentation. 

Disthbuiiott.—The type locality is unknown but is somewhere in Tennessee. 
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THE MECHANISM OF HEREDITY IN RELATION TO THE 
THEORY OF NATURAL SELECTION 

W. L. McATEE 

Pish and Wildlife Service, Chicago, Illinois 

Darwin meant to deal with “hereditary modification’’ (?1912, p. 3) but he 
went on to include individual differences (“for they are often inherited,’’ ibid., 
p. 38), which according to present information, are mostly noninheritable. Since 
these individual differences (“of the highest importance for us,’’ ibid., p. 38) were 
postulated as the material upon which natural selection acts to produce organic 
modification, their prevailing noninheritance at once deals the theory a deadly blow. 

As a practical consideration, vital to his theory, Darwin assumed that any 
variation may be inherited. In the field of individual variations, now called fluctu¬ 
ating variations, what is inherited is not particular variations but the tendency to 
vary more or less from the average racial standard. Fluctuating variations, the 
range of which remains about the same from generation to ^pneration, reflect 
not exactness but rather the inexactness of heredity. Darwin evidently considered 
that all characters, all variations, of any organism are represented in its germ- 
plasm so that they may be inherited but this is now known not to be the case. 

On this point D. H. Scott says, “T^e small variations which are so common, 
and on which the Darwinian tended to rely, as the material for natural selection 
to work on, have turned out for the most part to be mere fluctuations, oscillating 
about a mean, and therefore incapable of giving rise to any permanent new forms. 
Such fluctuating variations appear to depend on some action of the environment on 
the individual, and not to indicate differences in the germ-cells.” (1924, pp. 10-11.) 

Charles 0. Whitman makes a far more sweeping statement conti^icting the 
Darwinian view of heredity, saying: "There is really no transmission of characters 
anywhere in the organic world. . . . Parent and offspring are each independent 
developments, alike or different according as the germs from which they develop 
are alike or different, and according as the conditions of life are alike or different.” 
(1919, p. 176). 

THE CHAEACTERS OF THE SOMA DO NOT AFFECT, AND MAY NOT REFLECT, 

THE CONSTITimON OF THE GERM PLASM 

When Darwin attempted to link the utility of a character with its inheritance, 
he was further misled. Among other ventures of this nature, he launched the 
following; “If variations useful to any organic being ever do occur, assuredly 
individuals thus characterised . . . from the strong principle of inheritance . . . 
will tend to produce offspring similarly characterized.” (?1912, p. 115.) “varia¬ 
tions, however slight ... if they tend to be in any degree profitable . . . will 
generally be inherited by the offspring.” (ibid., p. 55.) 

Omitting comment on the question as to whether “variations, however slight” 
can be profitable, it should be pointed out that the “utility” of a character has 
no bearing on its hereditability. Inheritance depends upon the genn plasm while 
utility is an experience of the soma; there may be no connection. From this 
distinction ensue various considerations damaging to natural selection theory. 

Without taking an extreme view as to the distinctness of somatic and germ 
cells (unwarranted, anyway, in the light of animal regeneration and vegetative 
propagation), it may be safely said, nevertheless, that in most organisms the germ 
plasm is a continuous stream from which the representatives of each generation 
derive, but upon which they do not have any effect, so far as known. 
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Walter notes that, ** Darwin felt this difficulty and presented with apologies his 
provisional hypothesis of pangenesis . . . Pangenesis assumes that every bodily 
part sends contributions to the germ-cells in the form of *geininules.’ Such gem- 
mules . . . then reconstruct in the germ-cells the characters of the entire b^y, 
including acquired modifications as well as all others, and thus there is no theo¬ 
retical reason why acquired characters cannot be transmitted. Unfortunately 
there is no tangible basis in fact for this delightfully simple explanation to rest 
upon. . . . Nothing we have subsequently learned of minute cell structure favors 
this hypothesis, while many facts go quite against it/' (1930, p. 73.) 

The great unanimity with which biologists have rejected the hypothesis of 
transmission of acquired characters (and none have b^n more emphatic than 
selectionists in this respect) is further evidence that knowledge of a mechanism 
for modification of the germ plasm by somatic influence is lacking. 

The phenomenon of a Begonia leaf regenerating an entire plant, including 
flowers and seeds, has been uiged against the theory of continuity of the germ 
plasm, but as bearing upon the present thesis this argument is harmless—on the 
contrary, indeed, it is beneficial. Vegetative propagation is the usual way of 
preserving uniformity in horticultural productions. Let seeds be matured and 
grown, however, and there occurs a flood of variation which demonstrates clearly 
that keeping the somatic characters to a certain standard for an indefinite period 
has not affected the germ cells in such a way as to make them reproduce those 
characters. 

Maimed animals, shattered trees, leaving whole, not crippled, descendants, 
and moribund creatures making reproduction their last effort, prove that individ¬ 
uals, themselves defective, can produce normal offspring. These happenings 
indicate that it may make no difference whether or not there is “selection." The 
individual is merely the custodian and (except in a nutritive sense) not the maker 
of the germ plasm. It is the composition of the germ plasm that largely determines 
the character of the next generation. As the somatic traits of the parents (tem¬ 
porary harborers of the germ plasm) are not necessarily reproduced, a “selection" 
based on merit (“fitness") may have no influence on specific characteristics of 
descendants. 

Morgan bluntly says “the character of the parents does not affect the prop¬ 
erties of the germ-cells." (1932, p. 188.) Pearl may be quoted as follows: The 
“facts in general show that the somatic and the germinal conditions or states with 
reference to a particular character may be quite different in the same individual. 
It remits, then, that the somatic condition of such a character in the progeny has 
no direct or necessary relation to the somatic condition of the same character in 
the parent. Nothing is brought out more clearly by all recent experimental studies 
of inheritance than that the somatic condition of a character in a particular 
organism is a very unreliable criterion of the probable condition of that character 
in the progeny of that organism. (1915, pp. 65-66.) 

“Let us now turn to the consideration of our second rule, which must be fully 
enforced if natural selection is to be an important factor in the causation of evolu¬ 
tionary change. This, it will be recalled, was that the survivors must produce 
offspring which bear characters like those which had led to the survival. Or, to 
put the matter crudely, the survivors must transmit their characters to their 
offspring. In pre-Mendelian days this phase of the subject was always neatly and 
summarily disposed of by stating, as one of the facts on which the theory of natural 
selection rested, that Variations are inherited* or *like produces like/ Times have 
changed. We are a great deal less certain about that particular brand of inher¬ 
itance which the theory of natural selection demands than we were before any one 
had taken the trouble to make experiments on heredity. The essential difficulty 
lies here. The differences upon which natural selection directly operates are 
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somatic differences, by hypothesis and in fact. Every worker in genetics has 
learned since the truly epoch-making researches of Johannsen to be extremely 
cautious in assuming a priori that any particular somatic difference is so inher¬ 
ited.” (Pearl, 1917, pp. 71-72.) 

“Expressed in Johnansen’s words, the basis of the modem conception of 
heredity is: 'Personal qualities are the reactions of the gametes joining to form a 
zygote; but the nature of the gametes is not determined by the personal qualities 
of the parents or ancestors in question.'” (East, 1912, p. 044.) 

A bar to the success of natural selection, unknown to Darwin, is the presence of 
recessive genes, not apparent in an individual, but which may crop out, even with 
lethal effect, in descendants. It is possible, therefore, that an individual, entirely 
fit. might be one whose survival would insure the temiination, through lethal 
genes in its progeny, of that particular line of descent. 

Shull notes that, “An important evolutionary consequence of this lack of 
correspondence between the characteristics of an animal or plant and its genes is 
that whatever relation exists between the organism and its environment nesd not 
exist between many of its descendants and the environment, even though the 
environment be wholly unchanged.” (1936, pp. 118-119.) The consequences of 
this line of argument to a hypothesis like that of natural selection, which is wholly 
one of environmental influence, are anything but constructive. 

THE CONSTITUTION OF THE GERM PLASM DOES NOT AFFECT, AND MAY NOT 
REFLECT, THE CHARACTERS OF THE SOMA 

“To put this thought in other words," says W. D. Lang, “the morphic expres¬ 
sion of the difference between two forms is by no means proportional to the funda¬ 
mental or genetic difference.” (1921, p. iv.) 

These conclusions follow from the relations of soma and germ plasm stated in 
preceding pages and need be repeated only for the benefit of those who consider 
“possibilities infinitely wider than the actual,” one of which is the environmental 
selection of genes. 

The essential independence of soma from germ is asserted by Jennings in the 
following passage: “Since most mutations are recessive in their effects, and since 
only one gene of the pair of genes present is mutated, as a rule the mutation pro¬ 
duces no manifest effect on the individual in which it occurs. The fact of its 
occurrence cannot be detected in that individual. It is only when, by the processes 
of mating in ordinary reproduction, two of the recessive mutations get together in 
the same pair, in some of the descendants of this individual, that the effect of the 
mutation appears to view. Thus when the mutation becomes manifest, it has 
actually occurred, as a rule, at least two generations earlier, in one of the ancestors 
of this individual.” (1935, p. 344.) More recently. McClung has phrased it, “By 
ipme insulating device the germinal elements within the gonad do not participate 
in somatic processes, but merely perpetuate themselves.” (1941, p. 266.) 

CYTOPLASMIC INHERITANCE 

There is some tjvidence of cytoplasmic, as contrasted to chromosomal, trans¬ 
mission of characters (for a review of the literature see Sirks, 1938) but this is no 
comfort for selectionists as it tends to show the possibility of the inheritance of 
acquired characters—a principle which, so far as it is effective, renders natural 
selection superfluous. A recent statement, however, minimizes the importance of 
this type of heredity, Dobzhansky, saying “judging from the present incomplete 
data, cytoplasmic inheritance is so rare relative to genic inheritance that in the 
general course of evolution the former can hardly play more than a very subordinate 
role.” (1937, p. 72.) 
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CONCLUSIONS 

Hereditary modifications are now called mutations. They originate in the 
germ plasm and, therefore, occur first in an individual that does not, in its own 
body, manifest the mutation. Under natural selection theory the individual will 
survive or not in accordance with the fitness of its *'personal” or somatic char¬ 
acteristics. The constitution of its germ plasm can have nothing to do with its 
survival. Hence the fate of a mutation at the outset is decided by chance. As 
mutations are of rare occurrence and as they are chiefly injurious or even lethal 
in effect, the probability that they can be an important factor in progressive 
evolution under selection theory is slight. 

This state of affairs is admitted by neo-darwinians but they attempt to save 
the situation as best they may by pointing out that mutant genes, which by chance 
enter into the germinal constitution of the race, "will get distributed to many 
individuals, the gene complexes of no two of which are alike.” (Wheeler, 1936, 
p, 99.) The acceptability of natural selection doctrine is not improved by this 
argument. It is tacit in the expression quoted and apparent from the phenomena 
of fertilization that each individual of a sexually reproducing organism has an 
unique gene complex. If it become a parent it will contribute to other gene com¬ 
plexes, each unique. These combinations, a different one for each successful 
fertilization, may be and usually are numerous. The gene complexes of offspring 
then are many, each with different potentialities, but they derive from parents of 
only two somatic complexes. Again it is evident that there can be no exact cor¬ 
respondence of soma and germ, henc^ no effectual selection of gene-complexes on 
the basis of somatic characters. In sexual reproduction, under the present 
understanding of heredity, gene complexes, whether favorable or otherwise, can 
not be perpetuated. Their very nature implies unending change, and as those 
of descendants are not like those of ancestors there is no way in which selection can 
get an effective grip on the process. 

Weismann, the ultra-selectionist, did Darwin little service by proving the 
essential independence of the germ plasm from the somatoplasm. Selection, if it 
exists at all, must be through the m^ium of the soma, thus cannot act directly on 
the germ plasm upon which continuity of the race depends, It would seem, 
therefore, that there is no mechanism that can make evolution by natural selection 
possible. 
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PETROLEUM IN SOUTHEASTERN OHIO 


E. WILLARD MILLER,^ 

Department of Geography, The Ohio State University 

Next to Pennsylvania, Southeastern Ohio is the oldest oil producing region 
in the United States. However, at no time in its history has it been a large pro¬ 
ducer, and for the past forty years production has been gradually declining. This 
paper considers only those areas which produce Penn^lvania grade oil. All 
oil produced from Washington, Carroll, Columbiana, Harrison, JefiEerson, Belmont, 
Meigs, Monroe, Hocking, Perry, Noble, and Tuscarawas counties is Pennsylvania 
grade, except the oil from the Coming pool in Perry county. This grade of oil 
is also produced in parts of Athens, Fairfield, Vinton, and Muskingum counties. 
Washington and Monroe have been by far the largest producers. 

The pools, while numerous, are mostly small and not more than two or three 
include ten square miles. From the beginning of exploration in 1860 to the present 
time between 65,000 and 70,000 wells have been drilled, giving a develops area 
of more than 300,000 acres. Condit (1916) estimates the wells drilled in the 
Woodsfield quadrangle alone number about 2,000. There are now approximately 
12,800 producing wells averaging about one-fourth barrel per day. The wells 
vary in depth from twelve to 3,300 feet. A number of the sh^low wells, especially 
those in the Cow Run sand, are long lived. Wells in southeastern Ohio have 
nearly all been small, and the records rarely show one having an initial production 
as high as 500 barrels per day, though as high as 2,400 barrels has been known 
(Bownocker, 1921). The Pennsylvania grade oil varies from 28 to 50 degrees 
Baume in density. The most common color of the oil is dark green, but in places 
it is a bright red and elsewhere black. 

GEOLOGY 

The Appalachian geosyncline is the major tectonic element which accounts 
for the presence of oil in southeastern Ohio. The western flank of the syncline 
underlies this portion of Ohio. The regional dip is, therefore, to the southeast at 
the rate of about 35 feet to the mile (Verwiebe, 1930). At least three prominent 
structural features modify this laige basin. Most prominent of these is the 
Cambridge Arch, known as the Burning Springs-Volcano anticline in West Virginia, 
which crosses the Ohio River into southern Washington county and can be traced 
into central Noble, western Guernsey, and eastern Coshocton county where it 
dies out. Paralleling the Cambridge Arch on the west is the deep Parkersburg- 
jLorain syncline. It begins in southern Washington county, trends northwest 
'through western Morgan, western Muskingum, central Coshocton, and on into 
central Holmes county. Minor structural elements such as domes, noses, ravines 
and terraces are preuent in considerable abundance. 

Producing Horizons .—The number of producing horizons in southeastern 
Ohio suffers w comparison with the large number found in Pennsylvania. Never¬ 
theless, 24 different sands have produce either oil or gas, and of these twelve are 
of importance. In making correlations, in eastern Ohio the principal reference 
bench is the Pittsburgh or No. 8 coal which lies at the base of the Monongahela 
formation of the Pennsylvania system. It is the most prominent coal bed of the 
state, and is sufficientiy near the surface to act as a guide of reference to the Penn- 

^The writer wishes to ackaowledos the ai4 and information given by Dr. Wilbur Stout, 
State G«ol<^8t, Geological Survey of Ohio. 
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sylvanian and Mississippian oil horizons. In descending order the major pro¬ 
ductive sands are: (Lockett, 1942) 


Depth in Feet Depth in Feet 

Sand Below Pittsburgh Sand Below Pittsburgh 

First Cow Run. 300 Maxton , . 960 

Buell Run . 360 Big Lime ... . 976 

Peeker or Second Cow Run 626 Keener .... 1,060 

Macksburg.. ... 660 Big Injun ... .1,100 

Salt Sand Group. 760 Berea. 1,600 


The First Cow Run sand is the principal producer in the Cow Run, Newell’s 
Run, and Moore’s Junction pools. About one-third of the wells are dry holes, 
because of the erratic thickness and distribution of the sand (O’Rourke, 1942). 
The Macksbdrg sand is most important as a producer in the vicinity of Macksburg, 
but has produced some oil and gas in Noble, Athens, Meigs, Morgan and Monroe 
counties. It is patchy, rather coarse, and varies from 10 to 50 feet in thickness. 
The Second Cow Run sand has produced only in the area where it was first named 
in Washington county. The Salt sand was named because of the large amount 
of salt water commonly found in it. Scattered gas and oU wells produce from 
Meigs to Columbiana county. The Maxton sand is of somewhat greater importance, 
but because of its position at the base of the Pottsville is extremely erratic in its 
distribution. 

The Big Lime of southeastern Ohio has produced considerable oil and gas in 
Belmont, Monroe, Athens, and Washington counties. The oil lies in thin layers 
of quartz sand which are interbedded with shaly limestone. The Keener sand 
lies below this limestone. It is an important producer of gas and oil in Monroe, 
Washington, Morgan, Athens, Noble, Guernsey, and Belmont counties. It is 
formed of alternating beds of fine and coarse grained sandstones, and in many places 
carries considerable brine. The average thickness is from 25 to 35 feet. This 
sand has been most important in the Graysville, Jackson Ridge, and Moose Ridge 
fields. The Big Injun sand is usually separated from the Keener by a few feet of 
shale. Sometimes they merge, and the entire sand is called the Big Injun. Only 
commercial production of oil and gas has been found in Washington and Monroe 
counties, and has been most important in the Sistersville field. The sand is coarse 
textured and contains some b^ of conglomeratic nature. The thickness varies 
from 70 to 260 feet. It contains a great deal of brine, and many good Keener wells 
have been ruined by drilling into Injun water. 

The most important horizon for oil and gas is the Berea, an exceptionally 
persistent sandstone which produces in every county in southeastern Ohio. Its 
thickness varies from 200 feet in the northern part of the area to as little as five 
feet, or even disappears in the southernmost sections. As a rule it is fine gmined 
and light colored, but contains erratic lenses of coarser sand in which the oil and 
gas are found. In places it is interbedded with shales, and it may be represented 
onl^ by sandy shales. Because of its widespread occurrence it has become the key 
horizon for sub surface mapping. 

Relation of Production to Structure .—In southeastern Ohio, Cottingham (1927) 
states, three factors appear to govern the accumulation of oil: loc^ structure, 
water content and energy of movement in the sand, and the porosity of the sand. 
The majority of the producing fields display some relationship to structure, 
although the relationship is rarely ideal. It has been estimated that 65 per cent 
of the shallow oil sand production, including the Berea, has some structural basis 
(Cottingham, 1627). Most of the crests of the anticlines or domes are devoid of 
oil. On the whole more oil has been foimd in the Berea on low noses, bw on flanks 
of folds, or in shallow synclines, than on the crestal areas. Many of the Berea 
pools are at the upper end of structural embayments (Ccmdit, 1912). Porosity 
alone can hardly account for this situation bo:auae it occurs too frequently with the 






Pig. 1. The development of the Oil Region of Southeastern Ohio by periods. 
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same type of structure. Artesian conditions apparently prevail in the shallow 
sands, with the water movement being away from the hydraulic head along the 
Appalachian Plateau. Since the hydraulic gradient is low, and many sands are 
fine grained, the water movement is slow. It is possible that the disseminated oil 
was carried to the structural embayments and deposited because the velocity of 
the water movement is greatly reduced in these features (Rich, 1921). However, 
since so many pools are found where there are structural irregularities, it is safe 
to say that structure is the principal factor for the oil accumulations. 

EARLY DEVELOPMENTS, 1814-1870 

Oil from southeastern Ohio was known as early as 1814 when this substance 
was obtained as an impurity in the salt wells of Noble county. Occasionally, 
gas also escaped from such borings, and was looked upon with disfavor, because 
it was inflammable, and therefore dangerous. The first shipment of oil from 
this region occurred in 1843 when five barrels of Seneca OiP' were shipped from 
Marietta to New York, by way of New Orleans. The oil was sold on arrival in 
New York to a drug house at 90 cents per gallon (Mtnshall, 1888). The principal 
use of petroleum at that time was medicinal, and from time to time small quantities 
were sold to drug companies. In 1852 a Pomeroy merchant made one of the 
largest shipments. One hundred barrels of oil were sent to St. Louis, and sold 
under the trade name of Nerve and Bone'* liniment (Bownocker, 1903). The 
first kerosene produced commercially in Ohio was distilled from Ohio shde near 
Buena Vista and from cannel coal from Flint Ridge, Warsaw and Canfield, about 
1856-67. Twenty-five stills were in operation by 1860 and the business on a 
stable basis (Stout). 

The finding of petroleum through drilling in Pennsylvania in 1859 prompted 
men in southeastern Ohio to investigate those areas where oil seeped from the 
earth, or gas issued from rock crevices. The first well was drilled in 1860 near 
a seepage on Duck Creek in Wadiington county. At a depth of 59 feet oil began 
to flow. Martin (1904) in his history of Ohio states, '‘In a few weeks the territory 
was full of prospectors and one could see derricks in every direction." Most 
of these shallow wells were producers, but excessive flows of water caused much 
trouble. In 1861 oil was discovered at Cow Run, and for a brief period this new 
area attracted the drillers. However, oil had been steadily declining in price, 
and since the only way to get it to market was to haul it by wagons over primitive 
roads to the Muskingum River, the profit of the individual pmducer was ^eatly 
reduced (Howe, 1891). Most of the shallow wells were short lived, and with the 
outbreak of the Civil War all efforts to develop the pools were abandoned. 

The speculative flurry which swept the country at the close of the Civil War 
again directed attention to the oil possibilities of southeastern Ohio. Speculators 
from New England, New York, and Pennsylvania invaded the region for the 
purpose of leasing the land. Soon incorporated companies were formed with 
capital stoek ranging from J100,tXK) to $1,000,000. Marietta alone had fourteen 
companies with a total capital stock of $8,300,000 {Marietta Register, March 4, 
1897). At this time the g^test development occurred south of Macksburg 
when a 50-barrel well was drilled at a depth of only 500 feet. Drilling progressed 
rapidly for several weeks, but the production did not meet with expectations, and 
tr^sportation was inadequate. With the passing of the period of inflation the 
price of oil soon dropped, and as a result of economic conditions most of the 
principal producers withdrew from the field. Thus, the speculative period passed 
with no real discovery of oil. 

While these devdojHnents were going on af Macksburg, drilling was almost 
at a standstill at Cow Run. In the spnng of 1866 a weU was drilled which had 
an initial flow of 100 barrels per day. Here again was the great expectation, and 
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the usual excitement. Territory that was regarded as productive sold at exhodbi- 
tant rates. Chamberlin {Oil News, July 29, 1899) has described the development: 
“Excitement ran high. At one time there was a community of thousands at the 
Run and the himgry prospector had a hard time to find rations. I doubt if we 
shall ever see in this county (Waishington) again such a jam of hwnan beings 
and capital on so small a space of territory. . . . The derricks were so close 
together that it was difficult to drive a wagon through the valley.” According 
to Minshall (1888) the production of the field from January, 1867, to August, 1868, 
was about 150,000 barrels. At first the oil was hauled to Marietta by wagons, 
but in 1868 the first pipe line in Ohio was laid from the field to Parkersburg, West 
Virginia, five and one-half miles away. Most of the wells drilled were small 
producers and short lived so that the production in 1869 had decreased to 89,000 
barrels. 



Little activity occurred until 1872 when a private producer started to survey 
the area around Macksburg. Minshall (1888) states, “The object of the survey 
seemed to be to start at Burning Springs and run a line through the producing 
districts of West Viiginia and Ohio, tal^g the courses and distances of the pro¬ 
ducing wells, making a single map of the whole.” Dtxring the survey a well was 
found that had been drillra in 1865 which was still piunping five barrels a day. 
• After the well was cleaned out and torpedoed, production increased to 50 barrels 
per day. In the meantime the Cleveland and Marietta Railroad had been com¬ 
pleted through Duck Creek Valley, making Macksburg a more desirable location 
W operations than it had been earlier. In 1874 one well 3 rielded 150 barrels 
a day at a depth of only 150 feet. By 1877 thirty wells had been drilled in this 
vicinity (Lewis, 1028). 
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Most of the wells were either small or failures, and none went deeper than 
the Macksburg 500 foot sand. In 1877 a group of producers started to drill in 
search of the Berea sand, which was yielding oil m the White Oil district of West 
Virginia at a depth of about 1,400 feet. This first well in search of a deeper 
producing horizon reached the Berea at 1,427 feet, but it produced only brine and 
gas. This failure delayed the drilling of the second well until 1879, which flowed 
15 barrels of oil per day, besides sufficient gas to pump the shallow wells. It 
was now proved that the Berea was productive in the area, but the production 
was too small to attract immediate attention. 

MACKSBURG FIELD, 1879-1889 

The development of the Macksburg field was retarded in the early 1880’s by 
the country's financial depression which resulted in lowered oil prices, {Marietta 
Times, February 19, 1885), and by the unfavorable drilling conditions. 'The large 
body of salt water, between 900 and 1,100 feet, called for the latter amount of 
casing if the well was to be drilled to the Berea dry. So long as the production 
remained small, this added cost of casing acted as a prohibitive factor to any 
large scale development. 

In 1883 a well was drilled on the upland which started at 100 barrels. This 
was the first of the large Berea producers, and at once led to extensive operations. 
The demonstration that oil existed beneath the hills, as well as in the valleys, 
greatly extended the possibilities of the field. In 1884 wells were drilled in rapid 
succession so that by January, 1885, more than 5,000 acres had been proved as 
productive territory. At that time there were 70 producing wells with a daily 
average of 700 barrels {Marietta Times, February 19, 1885). Drilling for the 
Berea also led to the development of the Macksburg 500 foot sand, and the Macks¬ 
burg 140 foot sand. The production of the field increased rapidly as well after 
well was drilled. In August, 1884, it was 4,600 barrels; in December, 1884, 10,000 
barrels; in March, 1885, 21,600 barrels; and in July, 1885, 79,700 barrels. From 
that time production decrea^, the output havir^ been 66,175 barrels in December, 
1885, and 57,700 barrels in February, 1886 (Bownocker, 1903). For a yearly 
total the largest production occurred in 1886 when 703,945 barrels were produced. 

There are no records as to the actual number of wells drilled, but the Marietta 
Times on February 5, 1885, reported, “About 100 new rigs are up in the Macksbuig: 
District for the purpose of putting down new wells,” indicates that the number 
drilled must have been in the hundreds. The two largest wells drilled in 1886-86 
are reported to have each started at 400 barrels, but the great body of Berea wells 
produced initially from 15 to 60 barrels per day. All contained sufficient gas to 
flow the oil, thus the operating costs were small. 

One of the first problems with which the Macksburg producer had to contend 
was getting the oil to the market. The completion of a pipe line to the Cleveland 
and Marietta Railroad in the fall of 1883 gave temporary relief. A year later a 
pipe line was laid to the Muskingum River near Lowell, and the oil loaded on 
boats. Early in 1885 owing to cold weather the pipe lines were unable to carry 
the oil from the wells so that man^ tanks ran over, but it was considered a small 
loss because of the low price of oil {Marietta Times, February 5, 1885). In the 
summer of 1885 the National Transit, a subsidiary of the Standairi OU Company, 
laid a three-inch pipe line to Parkersburg, West Virginia. Shortly afterward 
the National Transit bought the local pipe lines, and the transportation of the 
oil was from that time a comparatively easy problem. 

As production increased at Macksburg, it became the Mecca of the oil 
fraternity. Hundreds of people poured into the area, largely from the Penn¬ 
sylvania fields. The small country village of Macksbuig grew into a city almost 
overnight. Hotels, saloons, drinking ai^ gambling dens, brothels and boarding 
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houses were built by the score. With the population increasing so rapidly a food 
scarcity soon faced the inhabitants. Prices increased at tremendous rates. Many 
of the natives of Macksburg resented the influx of oil men with the resulting 
disorder. A number of ministers attempted to control the lawlessness, but before 
much could be accomplished production decreased, and the oil men began to 
direct their attention on new areas. By 1900 Macksburg was once again a small 
country community. 

GREATEST REGIONAL DEVELOPMENT, 1890-1903 

With the rapid decline of production in the Macksburg field, the drillers began 
to explore the adjoining regions. In 1890 a wild-cat well was drilled near Sisters- 
ville in Monroe county at a locality known as Pole-Cat, A vast reservoir of 
brine was found in the Big Injim sand, and the well considered worthless, and 
left standing for 18 months. In 1891 another well was drilled nearby and started 
to produce from 10 to 16 barrels daily. This was the first producer of the Sisters- 
ville field, and opened one of the largest oil districts in southeastern Ohio. As 
other wells followed, oil was secured in all, but with a flood of brine. In 1892 
it was decided to pump the Pole-Cat well with the hope of reducing the salt water 
and thus securing oil. About 3,500 barrels of brine per day were pumped for 
weeks. Finally, it began showing oil and gas; this steadily increas^ until 500 
to 600 barrels of oil per day were produced. Attention was now focused on the 
Sistersville field. Drilling progressed rapidly, and some of the wells made as 
much as 1,200 to 1,500 barrels daily (Bownocker, 1903). 

By 1892 oil in southeastern Ohio had been found in a sufficient number of places 
to bnng the entire region under consideration. In the next ten years thousands 
of exploratory wells were drilled. Every township had at least one wild-cat well. 
Since most of the drilling was carried out on unproven territory the percentages 
of failures were high. From 1891 to 1899, 2,450 recorded wells were drilled; of 
this number 860 were dry holes, or 34 per cent of the total. The greatest amount 
of drilling was centered in Washington and Monroe counties, but there was also 
considerable drilling in Harrison, Jefferson, Belmont, and Noble counties. 

During this period 37 major pools were discovered. Production continued 
to rise from 1890 until 1903 when the peak was reached. In that year approxi¬ 
mately 4,200,000 barrels of Pennsylvania grade oil were produced (Fig- 2). 

Along with the drilling in new areas, the Macksburg field and a number of the 
older pools again attracted attention. Most of the wells drilled in the 1880*s 
into the Berea were drilled wet. The object of the casing, which usually extended 
65 feet below the Macksburg 140 foot sand, was merely to prevent caving, and 
not to exclude water. The ^t water was kept from the oil horizon by placing a 
packer around the tubing a few feet above the sand. This could not be removed, 
since the salt water above would at once enter the sand and cause a deposit of 
paraffin around the hole. Thus, when sand obstructed the hole in the bottom of 
the tubing, or the pores of the rock became closed the production of the well ceased 
though the oil was not exhausted. Redrilling began about 1895, The new wells 
were drilled dry, and by 1903 most of the older productive territory had been 
reworked. The majority of the wells started from 4 to 50 barrels, while formerly 
their initial jmxiuction ranged from 10 to 400 barrels (Bownocker, 1903). 

While many pools caused local boom conditions during the 1890's, none attracted 
more attention than Scio in Harrison county. The search for oil in this area 
t)egan in the early seventies, but drilling at that time was too shallow to reach 
the pay horizons. The discovery of oil near Jewett in 1895 appears to have 
encouraged a renewed interest in the vicinity of Scio, Progress was slow, but by 
1898 the Scio Oil and Gas Company was organized with a capital stock of $10,000. 
However, the people had little faith in the company and the stock did not sell 
rapidly. Even after the first producer little attention was paid to the oil industry. 
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The first well drilled to the Berea began to produce June 7, 1898, at 18 barrels 
per day. The second well was also a sm^l producer, and on its completion was not 
pump^ for several days, at the end of which time it began to flow. As a result, 
the gas caught fire from the boiler and burned the dcrridc. This accident was 
widely publicized, and as usual the production exaggerated. This attracted 
the attention of the oil men, and started a boom which in a short time revolutionized 
the village. 

At the time of the discovery of oil, Scio had a population of about 900, com¬ 
posed largely of farmers and merchants. It had long been the favored spot of 
Methodist ministers who had gone there because of the advantage the Scio College 
offered their children. Only once in 18 years had there been a ^oon in the town 



Pig. 3. Scio Oil Field during the Boom. (Courtesy of Ohio State Museum.) 

and it was driven out by the angry citizens. The discover of oil made a com¬ 
plete change in the appearance of the town. The population by January, 1899, 
was over 12,000. 

*‘The village was unable to care properly for one-tenth of the people who had 
so suddenly gathered there. They lived in tents, shanties, reconstructed stables, 
boiler houses, or wherever they could find shelter. Many slept in chairs. Hundreds 
unable to find lodgings left on evening trains for nearby towns, rettmiing the 
following morning” (Bownocker, 1903). There were eleven saloons in the town 
and an unknown number of "speakeasies.” The barrooms and inns were a wild 
mass of teamsters, producers, workmen, speculators, mechanics, fakirs, gamblers, 
prostitutes, and hotel keepers all canying on business and carousing. These 
features so horrified the staid citizens that many sold or rented their property 
and moved away. 

Teamsters were in so great demand that fre<)uently |40>(X) a day was paid for 
their servic^. One operator reported having paid twenty dollars to ^ve an 
ordinary boiler dragged sixty feet. The mac^amized streets of the village were 
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soon cut through and converted into mere, mud channels. As the town grew, the 
fire hazard became greater so that insurance rates for choice locations were fre¬ 
quently as high as $100 per month. With the coming of oil the college almost 
disappeared. In eight weeks* time the attendance dropped from 300 to about 25, 
and all departments of the school except two were mov^ to New Philadelphia. 

The time of ^atest excitement occurred in the early months of 18M, when 
there were 75 strings of tools at work. After that a rapid decline set in, so that 
by 1900 the population had dwindled to about 1,200. Nevertheless, the village 
did not recede to its former condition, for an enormous amount of money was left 
in the community. 



Fig. 4. Bishop Oil Field, Woodsfield, Monroe County. 1900. 

(Courtesy of Ohio State Museum.) 

The total number of wells drilled was about 1,000. Of these perhaps 220 were 
within the corporation limits of Scio. Bownocker (1903) states that from a 
fihancial viewpoint the village wells were failures because of their close spacing. 
At the height of the boom about 5,000 barrels of oil were produced per day, but by 
1901 this had decreased to 300 barrels. Today the field is still producing in very 
small quantities. 


PERIOD OF DECLINE, 1903-1942 

Since 1903 there have been no important discoveries of oil in southeastern 
.Ohio. The drilling policy has been to extend the limits of the fields and to maintain 
as stabilized production as possible. Drilling, as previously, has been most active 
in Washington and Monroe counties. The possibility of securing a gas well along 
with a smdl amount of oil has been the principal incentive for drilling during the 
past two decades. Pnxiuction has declined uniformly at the rate of two to four 
per cent each year; so that the 1941 production was 1,176,000 barrels. 
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Southeastern Ohio was the scene of one of the first attempts of producers to 
increase the rate of production by secondary recovery methods. In 1W3 a pioneer 
producer in the Macksburg field began to repressure using gas. After applying 
pressure for ten days, it was released and the well produced at a great rate. This 
procedure became known as the Smith-Dunn process. 

In 1911 repressuring was again tried near Chesterhill in Morgan county. About 
150,000 cubic feet of air per day was forced into one well at a pressure of 40 pounds, 
and within a week the production of the surrounding wells had increased (Schaefer, 
1941). After the initial success at Chesterhill, the process soon spread to other 
areas. Lewis in 1917 stated that about 4,000 wells were affected by repressuring 
on more than 90 leases. It is estimated that approximately 80 per cent of the 
early projects were successful, and records from 32 properties show an average 
increase of t^ee and one-half times the production from time repressuring began 
(Schaefer, 1941). Gas was used when available, but more than 90 per cent of 
the repressuring units used air. 

At the present time the largest repressuring project in Ohio is located in the 
Sistersville field. The productive area is now approximately 10,590 acres. The 
wells very early in the life of the field were placed on vaccum pump, and as larger 
and more pumps were installed the vacuum was increased in 1910 and 1916. Just 
prior to the introduction of pressure in 1933 the vacuum over the entire pool was 
25 inches (Schaefer, 1941). Approximately 1,500 wells were completed in the 
pool since 1892. There was originally one well to 6.84 producing acres, but because 
of many abandonments there is now one well to 17,7 acres. To the time of 
repressuring the average production per well was, 13,450 barrels and a recovery 
of 1,965 barrels of oil per acre. There are now 374 producing wells in the field. 
Five operators control the production, and all have agreed to repressure as a 
unit operation. Gas is injected in fourteen old wells and five new ones. Each 
well has its own pressure plant. Injection pressures vary from eight to ten inches 
vaccum in the center of the pool to 100 pounds pressure on the northwestern edge 
(Schaefer, 1941). The average daily intake volume is from 100,000 to 150,000 
cubic feet. In the beginning about ten million cubic feet of outside gas was used 
to establish the cycle. At present about three million cubic feet of gas is pumped 
daily, of which 1,600,000 cubic feet is returned to the sand. At the start of the 
gas injection in June, 1933, the average daily production of the pool was 124 
barrels per day. This slowly increased and reached a peak of ^7 barrels per day 
in March, 1939, a gain of about 172 per cent. Since that time a slow decline 
has set in. 

At present there are eight repressuring projects in Washington, Morgan, and 
Monroe counties. The shallowness of the producing sands, the close spacing of 
the wells, and the low injection pressure required are the chief factors that favor 
repressuring. The greatest disadvantages are the lack of preliminary work done 
to determine the exact nature of the horizontal and vertical changes in porosity 
and permeability of the sand reservoir. There is also some difficulty in the by¬ 
passing of gas from the injection wells to the producing wells so that in certam 
cases the gas does not move through those areas that are still saturated with oil. 

The possibility of water flooding as a means of secondary recovery has been 
considered in southeastern Ohio. The Berea formation has been successfully 
flooded in northeastern Ohio in Medina coimty. The Big Injun and Cow Run 
formations have high permeability and could be flooded. The greatest disad¬ 
vantage to water flooding is that the average recovery per acre of petroleum in 
southeastern Ohio has b^ low. Therefore, water flowing recovery methods 
using new drilling would not be economically applicable in many places (O'Rourke, 
1940). Financial success of flooding will depend largely on acquiring leases at a 
reasonable price that have had a satisfactory natural production. It has been 
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estimated that with a spacing of one well to four acres, which will permit five 
rows of five inputs and four rows of four producers in each quarter-section, the 
cost of flooding will be (O’Rourke, 1940): 

Depth Cost per Acre 

460feet., ... $ 660.00 

700 feet. .... 1,100.00 

1,200 feet., . , 1,600.00 

1,600 feet . ... 2,000.00 

One of the first horizontal wells in the world was drilled in southeastern Ohio. 
The process of horizontal drilling requires the sinking of a shaft to the oil sand 
and then drilling horizontally into the sand. Ranney (1941), the inventor of 
the process of horizontal drilling, states, “In the Ohio experiment six wells were 
drilled horizontally from a shaft in the First Cow Run sandstone. These three- 
inch wells were drilled in opposite pairs, half of them to property lines- While a 
50-foot core was being pull^ from one well, the drill rods (and duplicate tools) 
were being run into the opposite well. This was accomplished by a new machine, 
known as a ‘rod puller,’ which moves the rods at the rate of 100 feet per minute. 
The drill rods, in ten-foot lengths, were not disconnected until both wells were 
completed. In deep holes this cuts drilling time at least 75 per cent.” 

Horizontal drilling has a number of advantages over the usual method. It 
conserves steel, for horizontal wells require neither derricks, casing, nor tubing. 
The drilling of this type of well requires less than onc-tenth of the power for the 
same length of sand exposed by vertical operations, and each shaft operating 
upwards of 400 acres exposes some 50,000 feet of producing oil sand. The greatest 
disadvantage to the extensive use of this method in Ohio is the initial cost. The 
total cost of shaft, equipment and two wells is about 875,000. At the present 
time the production from the Ohio horizontal well is about 2,000 barrels per year. 

PRESENT CONDITIONS 

The oil industry of southeastern Ohio has been suffering from depressed con¬ 
ditions for more than two decades. In 1939 the Oil Weekly reported that Ohio 
had the least return per dollar spent of all petroleum producing states. If both 
oil and gas were included for that year, there would have been a 75-ccnt return 
for each dollar spent. It is difficult to present actual costs of producing a barrel 
of oil in this section because of a lack of records for most leases, and in many 
instances producers’ records are not kept under the desired classifications. The 
most recent attempt to consider production costs was made in 1941 when the 
Pennsylvania Grade Crude Oil Association prepared a brief for the Office of Price 
Administration. In order to obtain costs for the district, the most accurate method 
seemed to be to obtain from the producer the total “out-of-pocket” expense 
pwd in connection with the given production. From the producer’s total expense 
any amount paid for new drilling, new equipment of a capital nature, and interest 
on borrowed money were eliminated. A reasonable amount to represent com¬ 
pensation for personal services was included. To this was added the cost of 
depletion, depreciation, amortization, gas sales, and interest on investments as 
given for the past eight years by the Petroleum Administrative Board and the 
United States Tariff Commission. The total was then considered to be the total 
of the producer’s operating and general overhead expose. 

The data gathered covered eleven properties on which are located 1,630 wells. 
The total pr^uction of the wells was 147,534 barrels, which was thirteen per 
cent of the total for southeastern Ohio. It was found that it cost $2.70 for each 
barrel of oil produced in 1940. The costs were divided in the following manner: 
depletion, 14 cents; depreciation, 35 cents; amortization of intangible development 
costs, 27 cents; gener^ expenditures, $1.83;-interest, 30 cents; less 19 cents for 
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the sale of gas. In 1940 the average price paid for the Pennsylvania grade crude 
of Ohio was $1.87. This crude was sold at a loss because it had to compete with 
areas of lower cost production. 

Table I is a summary of production costs which shows the percentage of Penn¬ 
sylvania grade oil that can be produced at or below 1940 coste in each of the 
producing states, i.e., Pennsylvania, New York, West Vi^nia, and Ohio. A 
special study was also compleb^ by the Pennsylvania Grade Crude Oil Association 

TABLE I 

Percentage of Pennsylvania Grade Oil Produced by States, at or Below 
Cost SraaFisD for the Year 1940 



Penn¬ 

sylvania 

New 

York 

West 

Virginia 

South¬ 
eastern Ohio 

Less than .40 per barrel . 





Less than .80 per barrel. 

Less than 1.20 per barrel. 





Less than 1.60 per barrel . — 

9.87 




Less than 2.00 per barrel. 

43.04 


3.88 


Less than 2.40 per barrel 

53.69 

38.00 

8.12 

49.10 

Less than 2.80 per barrel. 

64.90 

46.00 

10.92 

51.62 

Less than 3.00 per barrel. 

79.77 

59.00 

58.80 

55.16 

Less than 3.20 per barrel . 

90.87 

86.50 

04.22 

100.00 

Less than 3.40 per barrel . 

94.31 

02.30 

97.37 


Less than 3.00 per barrel ... 

97.86 

94.70 

98.23 


Leas than 3,80 per barrel, . 

98.41 

96.00 

98.68 


Less than 4.00 per barrel . 

99.00 

96.70 

98.05 


Less than 4.20 per barrel. 

99.00 

97.00 

98.95 

,, , . , 

Less than 4.40 per barrel. .... 

$4.40 and over per barrel . .. 

99.42 

.58 

97.30 

2.70 

100.00 

. 


TABLE II 



Crude 

Market 

1941 

Production 
Barrels per 
Year—1940 

Per Cent and Barrels 
Which Can be Produced 
Without Loss Under 
Present Crude Market 

Per Cent 

Barrels 

New York (Allegheny) . 

Bradford. ., .. 

Kane to Butler . 

Pennsylvania (Comp.) 

West Virginia,. , 

Southeastern Ohio 

$2.76 

2,75 

2.08 

2.73* 

2.34 

2.30 

3,462,120 

14,285,000 

3,713,000 

45 

76 

15 

63 

4 

24 

1,567,064 

10,866,600 

690,717 

3,400,000 

1,176,000 

137,760 

282,240 


52 

13,626,271 


^Weighted price. 


to determine the percentage of crude that could be produced profitably from each 
of the districts at the market price of August 23, 1941. This was done by direct 
calculation of the costs for producing a barrel of crude oil. These percentages 
together with the market price of crude, the yearly production for each district 
for 1940, and the barrels of crude that can be produced without loss under the 
stated market price are shown in Table II. Multiplying the production of each 
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district by the percentage which can be produced at a profit gives the number of 
barrels that can be produced without loss. This shows that of the 1,176,000 
barrels produced in southeastern Ohio in 1940 only 283,240 barrels, or 24 per cent, 
were marketed profitably. 

However, it can be expected tHat this r^ion will continue to produce at a 
CTadually decreasing rate for many years. In 1941 the American Petroleum 
Institute estimated the Pennsylvania grade oil reserve of Ohio at 595,000,000 
barrels. Of this amount 30,284,000 barrels are recoverable under present methods. 
Little or no allowance was made for secondary recovery methods; so it can be 
reasonably assumed that the actual recoverable reserve is twice the above figure, or 
60,000,000 barrels. At the present rate of production this is approximately a 
50-year reserve. 

In spite of the fairly large recoverable reserve, the low price of oil has resulted 
in many abandotunents, as illustrated by the following chart: 


Year 

Production 

New Wells 

Abandonments 

Average 
Crude Prices 

1938 

1,161,000 

72 

1,105 

$1 40 

1039 

1.160,000 

70 

823 

1.60 

1940 

1,176,000 

112 

739 

1.87 

9 months 1941 

121 




At the present time the junk value of wells is $800 to $1,000 and the need for steel 
will doubtless stimulate this trade unless a higher price for oil is obtained. Many 
producers find it preferable to salvage mate^ and obtain cash rather than to 
continue production. 

The increased demand, created by the pr^nt war needs, has stimulated new 
developments slightly. Production in 1941 increased approximately 500 barrels 
a day over that of 1940, and could be further increased. There was considerable 
develcmment in older areas and wild-catting for ne*w pools resulted in the discovery 
of the Clayton Perry Pool in Clayton townslup. Perry county. Its area is about 2,000 
acres and is now producing at the rate of 1,400 barrels per day with an estimated 
total recovery of 3,000,000 barrels. Its area has not been completely defined, 
nor, due to the 3,200 foot depth and corresfwnding drilling costs, will there be 
substantial further development under conditions as they exist today. There 
are a number of areas which will be prospected for new pools with a rise in the 
market price, some cleaning out of old wells will be done, some new secondary 
recovery projects will help maintain or increase production, but for the immediate 
future the main increase in production will come from new areas and further 
development of the Clayton Perry Pool. 
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Bird Study and Omlihologlata 

Florence Page Jacques and her husband have here collaborated in producing a book that will 
be of considerable interest not only to ornithologists and experienced bird students, but to anyone 
who has ever thought of becoming interested in birds. The book deals principally with the 
author*s relations to birds, bird trips, and ornithologists. 

The author’s experiences with bird study b^an with her marriage to Francis Lee Jaques, one 
of the foremost bird artists in the country and a member of the staff of the American Museum 
of Natural History. Her trips with her husband have taken her over much of this country 
(the back country of Minnesota, the watafowl fly way down the Mississippi vall^, the Appa¬ 
lachians and the Rockies) and parts of other countries (the Gaspc, England, Switzerland, and 
Panama), and behind the scenes at the American Museum of Natural History. 

The author’s general reaction to the field of bird study is summed up in her Preface: “When 
I first entered, I was entertained rather than sympathetic . . . but as I joined their activities 
my amusement changed to interest and then to Joy. . . . This world is open to anyone, not 
merely those who have an innate love of birds. Mfy knowledge has come slowly and even now my 
observation is far more joyful than scientific. But the deepening of insight and gradual knowl¬ 
edge has added infinitdy to the richness of life.” Reading the book, one feels with the author 
an increasing enthusiasm for the study of birds. 

To the reader who knows the outstanding ornithologists of the country by name only, this 
book will give an intimate insight into their personalities. This reviewer will agree that these 
people are “some of the finest, the most delightful and inspiring people that I have had the good 
luck to know.’* 

The colorful accounts of the author^s trips and experiences, and the many excellent illustra¬ 
tions make this a very readable book, and one which wul give some readers a new insight into the 
very interesting Add of bird study.— D. J, Borror. 

Birds Across the Sky, Florence Page Jaques, with illustrations by Francis Lee Jaques. 
1942. xiiX240 pp. I^ew York, Harper & Brokers. 12.50. 



COMPOSITION OF FUNGUS HYPHAE IV; PHYTOPHTHORA* 


R. C. THOMAS, 

Ohio Agricultural Experiment Station, 

Wooster, Ohio 

The genus Phylophthora was established by de Bary (2). De Bary realized 
that there was a close relationship between the genera Phytophlhora and Pyihium^ 
yet he considered that the difference in the germination of the sporangia of the 
species, known at that time, justified the separation. 

In the germination of Pythium^ it was observed that the contents of a sporangium 
first passed into a thin-walled vescicle, which later burst, freeing the spores. This 
was thought to be a specific characteristic of Pythium. As new species of 
Phyiophtkora were discovered, it soon became apparent that some of them displayed 
similar sporangial germination. Thus, the real differences between the two 
genera in morphology and cytology have become meager. 

More recently, Fitzpatrick (3) has stated that there is no adequate reason for 
distinguishing Phytophlhora from Pythium and that, in time, the two genera may 
be merged under the older name, Pythium, unless a more valid basis of differentia¬ 
tion can be established. 

After the writer had completed a study of the composition of the hyphae of 
representative species of Pythium (8), attention was next directed to a similar 
investigation of a number of species which have been assigned to the genus 
Phytophlhora. It was thought that such a comparative study might furnish 
further evidence either for merging Phytophlhora and Pythium into one group, as 
suggested by Fitzpatrick, or for continuing them as two distinct genera of 
Phycomycetes. 

In Dastur's (1) description of the species Phy. parasitica, an account of the 
composition of the mycelium is also included. He reports the presence of pectic- 
like material and cellulose. Tests for callose were negative, and chitin was not 
detected. Methods employed and viewpoints of analysis were considerably 
different 30 years ago from what they are now. In endeavoring to compare the 
reports of Dastur on Phytophlhora with the more recent analysis of Pythium, by 
the writer, no adequate idea of similarities or differences of the two genera, can be 
obtained. 


SPECIES INVESTIGATED 

For the purpose of this investigation, the following species of Phytophlhora 
were secured: Phy. cactorum (Leb. & Cohn) Schrdt., Phy. parasitica Dastur, Phy. 
infesians (Mont.) de Bary, Phy. capsid Leon., Phy. hydrophyla Curzi, Phy. pint 
Leon., Phy. cinnamoni Rand, Phy. melongenea Swada, and Phy. citrophthora 
(Smith & Smith) Leon. 


PLAN OF STUDY AND RESULTS 

The species of Phytophthora used in this study, with the exception of Phy. 
infestanSf grew well in potato broth. For this species, lima bean broth was sud- 
,stituted. In contrast to the Pythiums, the Phytophlhoras made much slower 
growth. All of them formed mats more or less compactly interwoven, except 
Phy. cinnamoni, which developed a discrete colony tyrc of growth without much 
interlacing. These colonies were fragile and could be broken apart readily. The 

'Approved for publication by the Director of the Ohio Agricultural Experiment Station. 
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same type of growth was displayed by Phy. melongenea during the first two or 
three weeks. Later the colonies grew together, forming a mat. 

The same plan of analysis which had been found to be useful in determining 
the cwnposition of other groups of fungi ( 6 , 7, 8 ) was followed. Microchemic^ 
tests were used to direct the course of macrochemical procedure. Only qualitative 
methods were considered, and attention was directed entirely to the mycelium. 

Some of the species of Phyiophihofa produced spores in potato broth; while 
others did not. Cultures varying in age from one week to three months were 
included in the study. 

No difference could be detected between young and old cultures when the 
mycelia were observed in water mount in polarized light. Young cultures, three 
to four days dd, and old cultures, three to four months old, were very dimly 
anisotropic, a condition which indicated the presence of callose or cellulose. When 
the hyphae were treated with a weak aqueous solution of ruthenium oxychloride, 
the dye was retained and cotald not be removed by prolonged washing in water. 
This characteristic of the mycelium, together with the absence of double refraction 
in polarized light, indicated the presence of pectic material on the outside. 

Hyphae treated with Lugol’s iodine solution followed by 70 per cent H 2 SO 4 
developed a blue color, which revealed the presence of cellulose. The presence 
of cellulose was confirmed with the aid of other cellulose reagents, such as 
CaCU-iodine, HsPOi-iodine, and LiCl-iodine (4). With some sp^ies of Phytopklhora 
the blue color developed by the cellulose reagents appeared quickly; while in others 
the reaction was slow. In no case with fresh hyphae was there any swelling of the 
cellulose layer. 

Information gained in these preliminary tests served as a guide for the procedure 
of analysis which was later formulated. It consisted in resolving the hyphae 
into component parts and identifying them. 

Several fungus mats were cut into strips three to four millimeters wide, washed 
thoroughly to remove culture solution, then extracted for one hour in hot 0.5 
per cent ammonium oxalate. The liquid was filtered off, and an equal volume of 
95 per cent alcohol added. A finely divided precipitate appeared, which after a 
time settled to the bottom of the flask. A second extraction removed a smaller 
amount of material and a third none. The precipitates from the ammonium 
oxalate extractions were collected on a fritted glass filter, washed with alcohol, 
then taken up in a small quantity of water. When the Molisch test was made, a 
violet color appeared, indicating that a condensation product between alpha- 
naphthol and furfural was formed. A faint pink to brownish color developed 
when the orcinol-HCl reaction was applied. When a drop of FeCU solution was 
added, a brilliant gjeen color promptly resulted. The green color could be entirely 
removed by shaking with amylic alcohol. Pectic compounds could not be dem¬ 
onstrated as pectic acid by the addition of concentrated HCl or as calcium pectate 
with CaCl 2 . When hydrolyzed with H 2 S 04 the product reduced Pehling's solution. 
The material removed with the ammonium oxalate extraction was not pectic 
compounds but was probably a mixture of pentose and hexose anhydride, as 
indicated by the orcinol HCl-FeCU reaction. 

With the outside covering removed, the mycelium did not permanently retain 
the ruthenium oxychloride dye, but it did stain with methylene blue. Extraction 
was next made with ammoniacal cupric hydrate sufficiently strong to dissolve 
cellulose promptly. When the liquid was filtered off and neutralized with HCl, a 
copious precipitate appeared. This was found to be isotropic when examined in 
polarized light, yet it gave a positive reaction when tested with celluloee reagents. 

Further extraction with ammoniacal cupric hydrate removed nothing. The 
mycelium was still dimly anisotropic as at first and did not fix dyes. This inert 
character of the hyphae was suspected to be due to the presence of fatty acids. 
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Refluxing in 2 per cent alcoholic potash saponified the fatty acids in the outer 
portion of the h 3 rphae with a result that the blue color appeared more quickly 
when the cellulose reagents were applied, and when the mycelium was again 
extracted with the cellulose solvent more material went into solution. It was 
nwessary to repeat the process of saponification of fatty acids followed by extraction 
with ammoniacal cupric hydrate at least once, and in some instances, twice, before 
all the cellulose was removed. All the cellulose of Fhy. cinnamoni could be removed 
without saponification of fatty acids. 

The cellulose precipitates were collected on a glass filter, thoroughly washed, 
dried, and then suspended in 10 cc. of 17.5 per cent NaOH. The hydrate was 
allowed to act for 30 minutes with occasional stirring. The solution was then 
diluted with an equal volume of water and filtered through a glass filter. Part 
of the cellulose dissolved in the alkali and part did not. The residue was washed 
with 20 cc. of 8 per cent NaOH, then with water, followed with 1 per cent acetic 
acid, and finally with water until all free acid was removed. The portion which 
did not dissolve was found to be doubly refractive in polarized light, whereas 
the portion which was recovered from the extract by neutralizing the alkali was 
not doubly refractive. Both precipitates readily gave a blue color with cellulose 
reagents, and upon hydrolysis yielded reducing sugars. Tests for proteins were 
negative. It was concluded that two forms of cellulose were present: the alpha (5) 
form, which did not dissolve in the alkali, and another form, which did dissolve and 
could be recovered. 

At this stage of the analysis, the walls of the hyphae were still intact. When 
viewed in polarized light they were isotropic, developed a brown color with cellulose 
reagents, and did not fix aniline dyes. The residue was proved to be chitin by a 
positive chitosan reaction. No callose or structural proteins were detected. 

COMPARISON OF MYCELIUM OF PHYTO^HTHORA AND PYTHIUM 

Very young Fyihium hyphae are isotropic when observed with a polarizing 
microscope. This condition is due to a layer of pectic compounds on the outside. 
T^en this layer is removed, the anisotropic cellulose becomes visible. The pectic 
material is used up and disappears after five to seven days as the hyphae reach 
maturity, leaving the cellulose the outside layer. 

Phytophthora hyphae present a dimly anisotropic appearance at all stages of 
growth. There is no true pectic layer on the outside. When the covering is 
removed, the mycelium presents the same appearance as at first, and at no time 
can the cellulose be made brightly anisotropic, Furthennore, two forms of cellulose 
were detected in Fhytophikora. 

In view of the biochemical differences which exist between these two supposedly 
closely related genera of fungi, it becomes evident that in the location of a new 
Miecies, consideration might properly be given to the structure of the hypha to 
determine whether it conforms to the general pattern of the genus to which the 
species appears to belong. Previous studies by the writer have shown that there 
is a close conformity in mycelial structure among species of a genus. 

SUMMARY 

An investigation of nine different species of Fhytophthora has been made 
in order to determine the composition and structural pattern of the mycelium. 
A basic skeleton of chitin was found to have superimposed upon it a mixture of 
two forms of cellulose, one of which was doubly refractive in polarized light and 
the othex was not. These were impregnated with fatty acids. It was necessary 
to saponify the fatty acids with ^coholic potash before the cellulose could be 
removed by solution in ammoniacal cupric hydrate. 

The outside layer was found to be a carbohydrate mixture which gave the 
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orcinol-HCl test for pentoses. The presence of a hexose was also indicated. No 
pectic compounds were present. 

When viewed in polarized light, the same appearance is presented by young 
and old cultures of typical species of Pkytophtkora, In this respect there is a 
marked contrast between the two groups of fungi, Phytophtkora and Pyihium. 
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Plant Communities of the Weloka Area, Florida 

This bulletin contains detailed descriptions of twenty-four plant communities which occur 
in the Welaka area, Putnam County, Florida, the 2,180 acre tract comprising University of 
Florida's Conservation Reserve. The communities are classified by the author into seven types, 
and arc carefully described on the basts of aspect, floristic composition, structure and extent. 
The association described include every primary type in the area, and the communities occupying 
abandoned fire lanes, lawns, ditches and roads are also discussed. An attempt has been made to 
analyze the successional relationships and some correlation with eight soil types is recognized. 
Climatic data are given but were not obtained in the plant habitats of the problem area. A 
list of 760 species of plants growing in the area make up twenty-eight tables, in which the 
abundance or rank of each species for each community is indicated, and v^etation maps and 
twenty-eight photographs are included.— J. N. Wolfe, 

The Plant CommunitiM of the Weloka Area. A. M. Laessle. 143 pp. Univ. of Pla. 
Publication, Biological Science Series. Vol. IV, No. 1. July, 1942. $1.50. 


Phyolca and Phllooophy 

Readers familiar with the recent development of theoretical physics, in particular with 
relativity and quantum theory, will enjoy this book very much as a colorful supplement to their 
dry formulas and equally dry experiments. It remains doubtful, however, whether the sparkling 
style, the many striking similes and puns will satisfy those readers who look for information 
concerning the philosophical problems of our sources of knowledge, determinism versus free 
will, space and time, etc., in their ration to modem physics. J^ns’ representation remains 
too much on the surface as to seriously touch the proWrans of present day philosophy, although 
his criticism of medieaval and antique philosophers and their verbal struggles is very strikii^. 
One cannot refrain from the observation that being a great physicist does not imply being a 
good philosopher, too. Nevertheless it is always instructive and entertaining to read what an 
original thinker has to say about any subject matter whatsoever, even if lus exposition is only 
"popular" in the best sense of the word .—Alfred Landi, 

Fbysica and Philosophy, by Sir James Jeans. 222 pp. Macmillan Company, New York, 
1943. $2.75. 



SOME INVESTIGATIONS OF THE WATER RELATIONS 

OF LICHENS* ' 


HERBERT T. SCOFIELD and LAWRENCE E. YARMAN 
The Ohio State University, Columbus, Ohio 

At intervals during the summers of 1941 and 1942 the writers collected samples 
of lichens at various times of day from a southwest facing sandstone cliff in Hocking 
County, Ohio, and measured the water content. The purpose of these periodic 
measurements was to find out when water absorption occurred, where the water 
came from, and when it was lost. Concurrent measurements of the humidity of 
the air adjacent to the plants and of the temperature of the air and plants were 
made with a view toward possible correlation of these data with the moisture data. 



Fig. 1. Gyrophora dilleni% (right center) and Umbilicarta pustulata (left center), 
about one-half natural size. 


The lichens chosen for investigation were Gyrophora dillenii (Tuck.) Mull. 
Arg. and Umbilicarta pustulala (L.) Hoffm. (Fig. 1). These lichens occur together 
on the Blackhand sandstone cliff walls of Neotoma, a tributary valley of Clear 
Creek, Hocking County, in sufficient numbers to permit such an investigation. 
Gyrophora is a large leathery lichen, dark greenisii brown above with a black 
felt-ljke mass of rhizoids beneath. The plant is attached to the rock substrate by 
a short totigh umbilicus. Umbilicaria is a smaller thinner lichen than gyrophora, 
light brown in color with wart-like pustules above and no rhizoids beneath. The 
plant is also fastened to the substrate by a short umbilicus. 

^Papers from the Department of Botany, The Ohio State University, No. 460. 
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Experimental data concerning the water relations of lichens are not numerous 
and are of limited pertinence to our problem. It has been recognized that most 
lichens do not normally contain much water, that some specimens when moistened 
attain fresh weights time to four times their dry weights, and that probably some 
species living in desert and other arid habitats are d^endent on the atmosphere 
and dew for available water. Smith (1921), in a review of the literature to that 
time, reports that lichens can endure almost complete desiccation during long 
drought periods. They absorb water over their entire surface and water may be 
held for some time by rhizoids and gradually absorbed. Heugebauer (1939) 
studied the water relations of several species of Parmelia and of Usnea dasypoga 
and reported differences in rates of water loss and in total amount of water held. 
Lundegardh (1931) suggests that on naked rock surfaces only small slowly growing 
plants such as algae and lichens can withstand the periodic desiccation. Weaver 
and Clements (1938) assert that lichens flourish during periods of wet weather and 
remain in a state of desiccation for very long periods during drought. 

MATERIALS AND METHODS 

Samples of lichens were collected in the field, placed in glass bottles with plastic 
screw-caps, and transported as soon as possible to the laboratory for fresh weight 
and 103® C. oven-dry weight determinations. Water content is expressed as 
per cent of the oven-dry weight. It was recognized that some non-uniformity in 
water content among plants in the same general habitat would probably exist and 
care was taken to reduce this sampling error by taking large samples consisting 
of small pieces from many plants. Statements about the water content of intact 
plants at any particular time are based on samples taken at that stated time. 
Humidity determinations were made with a Priez aspirating psychrometer. Tem¬ 
perature measurements were made with a Leeds and Northrup portable poten¬ 
tiometer and copper-constantan thermocouples inserted into the lichens or exp)osed 
to the air. 


FIELD EXPERIMENTS 

The first experiment consisted of taking samples of both plants at intervals 
for a twenty-four hour period. The data are shown in Table I. 


TABLE I . 

Data of June 28-29, 1941 


Soi-AR Time 

Per Cent Water 

Temp, in *C. 



Air 

Lichen 

1:30 P.M 

18 7 

18.6 

34.4 

32 5 

3:30 P.M.* 

123.1 

365.0 

27 2 

33 2 

6:30 P. M . . 

37 9 

60 1 

28.2 

32.5 

6:30 A. M . 

66,9 

63 3 

22 8 

26 5 

9:30 A. M . 

68.3 

44.9 

28,6 


11:30 A. M 

28.2 

17.9 

31.4 


1:30 P. M. 

24.0 

13,6 

28 3 

32.0 


♦Thunder-showers of 0.2 in. between 2;10 P* M. and 2M P. M. 


The high water content of the samples following the forty minutes of thunder¬ 
showers and the rapidity with which much of the water was lost as evidenced by 
the succeeding samples should be noted. Later laboratory woric showed that the 
water content of g^^ophora plants in equilibrium with a saturated atmot^here at 
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30® C, was 92 per cent. Hence much of the water in the gjrrophora plants at 365 
per cent water content must have been loosely held on the plant surfaces, not 
absorbed internally, and evaporated rapidly from the plants. The rhizoids df 
gjrrophora would hold much more water on the surface of the plant than would be 
held in umbilicaria. 

For comparison with Table I, data obtained at a later date are presented in 
Table II. No rain had fallen in the valley for several days prior to the date of 
collection. 


TABLE II 

Data of July 6^, IMl 


Solar Time 

Per Cent Water 

Vapor 

Pressure 

Temp in *C. 

Umbilicana 

Gyrophora 

Air 

Lichen 

4:30 A. M 

112 3 

85 4 

12 5 

18,3 

20 0 

10:30 A. M 

44 0 

46 3 

17 5 

23 9 

26 0 

1:30 P M 

25 3 

25 3 

17 6 

25 8 

28 5 

4.30 P.M 

16,3 

17 4 

18 5 

28,3 

36 5 

4:30 A. M .. . . 

100 4 

74 3 

15 5 

19 4 

24 0 

7:30 A.M.*. 

113 2 

82.1 

16 5 

10 7 

23 0 


•Light rain falling. 


The evidence of considerable increase in water content in the absence of rain 
during the night hours should be noted. In all other experiments performed 
which included samples taken at night, evidence of increase in water content 
during the night was obtained. These findings indicate that extreme drought 
periods during the summer in this region are Hmitfed for these plants to some of the 
daylight hours. Results of several nights collections at one hour intervals showed 
no regularity in the rate of water absorption and no uniformity in the amount 
of water absorbed from night to night. 

In an effort to determine whether the water absorbed at night came from the 
rock substrate or the atmosphere, several experiments were performed with gyro- 
phora plants. Initial samples were taken in the afternoon. At the same time 
some specimens were detached from the rock, mounted on paraffined papers, and 
the papers fastened to the rock surface. The next morning, samples were taken 
of intact and paper mountexl plants. Table III summarizes the data. Station A 
was a more exposed and higher place on the cliff wall than Station B. 

TABLE III 




Solar Tire, Date and Sample 

Per Cent Water, Gyrophora 

Station A 

Station B 

2:80 P, M. Tune 26, 1042, initial sample . 

4:60 P. M. June 26, 1942, initial sample. 

‘4:80 A. M. June 26, 1942, final samples—intact. 

22 0 

26 0 

84.6 

39.0 

paraffined paper, .. 

42 0 

35.0 

4:80 P, M. August 15, 1942, initial samples. 

4:46 A. M. August 16, 1042, final samples—intact . 

17.0 

21 0 

27.0 

30.0 

paraffined paper.. 

32.0 

87 0 
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Humidity and temperature measurements during the course of the experiments 
showed that no dew point temperatures were reach^ at the plant surface or in the 
air adjacent. No other visu^ evidence of dew was noted at points that high 
above the valley bottom. Since both intact and detached plants mounted on 
paraffined papers absorbed water overnight in fairly comparable amounts it seems 
likely that the increase in water content during the night hours was due to the 
imbibition of water vapor into the plants. 

The data of Tables I and II'indicate a reduction in water content of these 
lichens during the daylight hours. Visual and physical evidences of this fact 
have been experienced by the writers in the field many times. Both plants com¬ 
monly become brittle and gyrophora curls so that the lower surface is exposed 
(Fig. 1). More detailed data from an experiment with gyrophora plants that were 
collect^ from a tree-shaded habitat dominated almost entirely by this species are 
presented in Table IV. In Table V are similar data for umbilicaria plants collected 

TABLE IV 
Data of July 22,1941 


Solar Time 

Per Cent 
Water 
Gyrophora 

Vapor 

Pressure 

Tkmp in ” C. 

Air 

Lichen 

4*30 A. M . 

33 9 

11 5 

15 6 

22 5 

6:30 A. M . 

26 0 

11.5 

15 6 

23,0 

6:30 A. M 

33.2 

n 5 

15 6 

22 5 

7:30 A. M . . 

31 8 

13.0 

17 5 

22 0 

8:30 A. M 

28 9 

15 0 

20 3 

24 5 

9:30 A, M 

29 6 

14 5 

20 6 

25 5 

10:;i0 A. M . 

18 9 

17 5 

23 9 

28 0 

11.30 A. M 

17 5 

16 0 

24 4 

28 0 

12:30 P. M , , , . 

18.6 

15 5 

25 0 

28 6 

1:30 P.M, 

18.2 

16 0 

26.1 

28 0 

2:30 P. M 

17.0 

15.5 

25.3 

28 5 

3:30 P. M . 

16 1 

16 5 

24 7 

27 6 

4:30 P. M 

17 6 

17.5 

23.6 

27.5 


from a cliff top station somewhat shaded by a pine tree. These latter plants were 
collected on what proved to be the hottest day in three summers. Table VI is 
included to show the water content of umbilicaria plants fully exposed to solar 
radiation during the warmest part of that day. 

The water content of both lichens decrea^ during the morning and early 
afternoon hours due to the diffusion of water vapor from the plants. Calculations 
of the adjacent atmospheric vapor pressures from psychometric data show a small 
increase in atmospheric vapor pressure during those hours. The vapor pressure 
of water in the lichens, then, must have been mcreasing to an even greater extent 
than that of the atmosphere or transpiration could not have occurred during those 
hours. However, as the water content of the plants decreased, the degree of 
hydration of the plant material should decrease and the vapor pressure decrease 
to a point approaching that of the atmosphere. One must account for an increase 
in vapor pressure of the water in lichens whose water content is decreasing. The 
temperature data show that the temperature of the lichens was commonly higher 
than that of the air adjacent; this fact would seem to bear a casual relationship 
to extended periods of water loss from the plants. The data of Table V and Table 
VI indicate that the more exposed the plants to direct solar radiation, the higher 







No. 3 


WATER RELATIONS OF LICHENS 


143 


the plant temperatiire and the lower the water content. In all of the field work 
in which samples were taken from several regions of the cliff wall at the same time, 
the lowest water contents were found in the plants exposed to direct solar radiation. 
The high pl^t temperatures existing under such conditions would account at least 
in part for high plant vapor pressures and steeper vapor pressure gradients between 
plant and atmosphere, and hence for lower water contents. 

TABLE V 

Data of July 26, 1941 


Solar Time 

Per Cent 
Water 
Umbilicaria 

Vai*or 

Pressure 

Temp. 

IN X. 

Air 

Lichen 

4.30 A. M 

24 8 

16 5 

21 7 

25 5 

6:30 A. M 

29 0 

18 0 

22 2 

27 0 

6-30 A. M 

20 6 

18 0 

22 8 

27 0 

7.30 A. M 

22 5 

18 5 

26 0 

27 0 

8:30 A. M 

18.7 

20 5 

27 2 

6 

9.’30 A. M 

18 1 

21 5 

29 4 

34 0 

10:30 A. M 

16 4 

23 5 

30.0 

39 0 

11:30 A. M 

12 7 

22 0 

28 9 

39 5 

12:30 P. M 

13 0 

23 0 

30 6 

42 5 

1-30P M 

J] 3 

23,5 

35 0 

42 5 

2:30 P. M 

11 4 


35 6 

38 5 

3:30 P. M 

10 7 


36 3 

3G 5 

4:30 P. M . ... 

10 6 

24 5 

32 8 

33 5 


TABLE VI 
Data of July 26, 1941 


Solar Time 

Per Cent 
Water 
Umbilicaria 

Vapor 

Pressure 

Temp, in ** C. 

Air 

Lichen 

12:30 P. M 

8 4 


43 5 

46 0 

1:30 P.M , 

6.5 


40 0 

48 5 

2:30 P. M. 

6 4 


43 0 

50 5 

4:30 P. M. 

7.8 

. 

39 0 

44 0 


DISCUSSION 

Evidence of marked diurnal fluctuations in water content of these lichens 
has been presented. Precipitation water or condensation water may be imbibed 
by these plants and even held by capillarity. The data show, however, that water 
absorption of some magnitude may occur between periods of precipitation or 
condensation. The writers' opinion that the direction and rate of water vapor 
diffusion will explain fluctuations between rains is supported by the experimental 
results. TTie factors of greatest importance in determining the direction and 
magnitude of vapor pressure gradients between these plants and the atmo^here 
are temperature differences between plants and atmo^here, and changes in the 
degree of hydration of the plant tissue as they may affect the vapor pressure of 
water in the plants. 
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If an iinbibition*transpiration mechanism of the water relations of these 
lichens is valid, it should be possible to predict changes in water content under 
controlled conditions. Atmospheres of Imown vapor pressure may be obtained 
over sulphuric acid solutions of known density and temperature. Lichens with 
vapor presstues higher than that of a given atmosphere should lose water to that 
atmosphere until an equilibrium is established. Lichens with vapor pressures 
lower than that of a given atmosphere should imbibe water vapor until an 
equilibrium is established. 

Gyrophora plants were brought from the field into the laboratory and samples 
suspend^ over sulphuric acid solutions of varying density at constant t^perature. 
By using a lar^e ratio of sulphuric acid solution to plant material and air ^ace, the 
changes in density of the acid due to loss or gain of water were small. The relation¬ 
ship between the equilibrium vapor pressures and the water contents of the lichen 



TAPOK noasDRs n wh. laxoimr 

Pio. 2. The water content of samples of Gyrophora in equilibrium with sulphuric acid 
solutions of known vapor pressure at 24* C. 

samples is shown in Figure 2. The curved line would represent the path of change 
in water content of a given sample of gyrophora plants in equilibrium with a 
saturated atmosphere as it came into equilibrium with sulphuric acid solutions 
of increasing density and decreasing vapor pressure. Thd shape of the curve 
indicates that water above 30% water content is held very loosely and small 
changes in the equilibrium vapor pressure result in large changes in the percentage 
water content. At water contents below 30% in this eiqjeriment, the water is 
held more tightly and large changes in the equilibrium vapor pressure result in 
relatively small changes in the percentage water content. 

The results of the experiment substantiate the idea of imbibition of water 
vapor by these plants and transpiration from .them. Attempts to utilize this 
method to estimate the actual vapor pressures of water in plants in the field by 
finding the vapor pressure at which no change in weight of the sample occurred, 
met with technical difficulties. Obviously the temperature of the plants at the 
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time of collection would have to be known and kept constant in order to keep 
the vapor pressure constant. The temperature of the sulphuric acid solutions 
would have to be carefully regulated to that of the plants in the atmosphere above. 
Errors due to uncontrollable variations in these last mentioned factors were too 
great to make the method useful in the field, 

A laboratory experiment was performed to test the influence of solar radiation 
on the rate of water loss from water saturated plants on the final equilibrium 
water content. Gyrophora plants were soaked in water for several hours and then 
suspended in air until water ceased to drip from them. They were spread out on 
a laboratory table and their fresh weights determined at regular intervals until 
they reach^ constant weight. The oven dry weight of the plants was then 
determined and the fresh weights converted to per cent of water on a dry weight 
basis. A similar experiment was performed with gyrophora plants spread out 



Fig. 3. Drying curves of Gyrophora samples indoors on a laboratory table and 
out-of-doors in direct sunlight. 


on a glass plate on the ground outside the laboratory and exposed to solar radiation. 
The data are present^ as drying curves in Figure 3. The slope of the curves 
ijidicates relative rates of water loss and the final equilibrium water contents are 
apparent as the curves flatten out parallel to the abscissa. The influence of solar 
radiation is apparent on inspection and in agreement with field data. 

SUMMARY 

Field experiments were performed with two species of lichens growing on the 
southwest facing cliff, walls of a valley in Hocking County, Ohio. Data on the 
percentage water content on a dry weight basis, plant and a,ir temperatures, and 
atmospheric humidity were obtained at various intervals during two summers. 

The results of these experiments indicate that these plants do not remain in a 
state of desiccation during periods between rains or dew, but exhibit a marked 
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diumal fluctuation in water content. During the daylight hours, particularly in 
clear weather, the water content decreases due to transpiration. Extended periods 
of transpiration are possible because the temperature of the plants was found 
to be commonly higher than that of the air adjacent, especially if exposed to solar 
radiation. Such temperature differences would cause the occurrence of a vapor 
pressure gradient from plants to atmosphere even at low water contents of the 
plants. During the night hours, imbibition of water vapor into the lichens occurs 
whenever the vapor pressure g^dient is from atmosphere to plants. Such a 
condition may exist when plants at low water content become cooled at night to a 
temperature close to that of the atmosphere. 

Laboratory experiments were performed and the results substantiate the fact 
that these lichens may gain water vapor by imbibition and lose water vapor by 
transpiration. The effect of solar radiation on increasing the rate of transpiration 
and lowering the final equilibrium water content was also demonstrated. 

The writers wish to express thanks to Edward S. Thomas, on whose property 
the experimental work was performed, and to John N. Wolfe and Fred H. Norris 
for helpful suggestions and assistance. 
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Monograph on Florida Crayflshea 

This publication has grown out of ten years work on Florida crayfishes by Horton H. Hobbs, 
Jr. The data presented are based upon a collection of over ten thousand specimens collected 
by himself and colleagues of the University of Florida. 

In the first twenty-two pages the author discusses the comi>aratively recent spread of crayfish 
stock into Florida, the ecologTcal highways and barriers to migration; also the development of 
endemic races and species. The remaining pages are occupied by taxonomic descriptions, dis¬ 
tribution maps and figures of forty-two Floridian Cambannae. Twenty-five of these are now 
regarded as endemic to state and six of the twenty-five are cavemicolous forms. 

--Wilbur M, Tidd, 

The •Crasrflahes of Florida, by Horton H. Hobbs, Jr. Pages v and 179, 24 full plates and 
346 figures. Published by the University of Florida, Vol. Ill, No. 2, November, 1942. Paper 
bound. Price $2.26 plus postage. 


Outliiiea of Entomology 

The author, who needs no introduction, presents in a clear, concise and scientific manner 
the fundamentals of the subject of entomology. The book is intended for students of Zoolo^ 
who desire a broader training in the subject than that which is usually given in such courses. Tt 
is primarily morphological, physiological, and taxonomic in character and the subject matter 
covered is as follows: Introduction; The Integument and its Derivatives; Segmentation and the 
Body Regions; Sense Organs; Nervous, Muscular, Respiratory, Circulatory, Digestive, Excretory 
and Reproductive Systems; Embryol^, Growth and Metamorphosis; Nomenclature and 
Classification; Relationships of Insects; Bibliography; Index. 

The information is authentic in every detail and the reader will marvel at the wealth of 
information in a book of its size,—R. H, Dniddson, , 

OoUJnet of Entonudegy. by A. D. Imms. 184 pages, 96 illustratioxis. £. P. Dutton and 
Company, New York^ 13.75. 
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Library CommUlee 
Mrs, Ethel M. Miller, Chairman 
Librarian in charge of Academy Exchanges and Publications 

Warren P. Spencer, term expires. . 1944 

William Lloyd Evans, term expires. . .1945 

Conrmittee on Conservation* 

G, W. CoNREY, term expires. 

Paul B. Sears, term expires. . 

E. L, WiCKUFF, term expires. . 

E. Lucy Braun, term expires. . 

£. S. Thomas, term expires. 

Wilber Stout, term expires. ... 

Roscoe W. Franks, term expires. 

T. H. Langlois, Chairman, term expires. 

Committee on Nominations for 194S-1944 
The Vice-Presidents of 1942-1943—Robert M. Geist, Chairman 

Membership Committee for 194^-1944 

A. Zoology: Marion Bobsel, Chairman G. Geography 

B. Plant Sciences: W. E. Steidtmann H. Chemistry: R. G. Bossert 

C. Geology: H. A. Ireland I. Mathematics: E. I. Yowell 

D. Medical Sciences: L. F, Edwards J. Junior Academy: Nelson Crites 

E. Psychology: ArthvjlG, Bills K. Anthropology: Richard G. Morgan 

F. Physics and Astronomy: C. W. Jarvis 

Academy Representaltves 

1. On the Joint Administrative Board of the Ohio Journal of Science: 

Warren P. Spencer, term expires . 1944 

WiLUAM Lloyd Evans, term expires. . , .. 1946 

2. On the Council of the A. A. A. S.: A. W. Lindsey. 

3. On the Save-Outdoor-Ohio Council: Roscoe W, Francs. 


1944 

1944 

1944 

1945 
1945 

1945 

1946 
1946 


Anderson, A. C. 

Bills, Arthur G. 
Blaydes, Glenn W. 
Bobsel, Marion 
Bossert, R. G, 

Crites, Norman 
Dye, Phiup 
Edwards, L. F. 
Eggleston, H. R. 
Evans, William Lloyd 
Garber, H. J. 


The Council for 1945-1944 
Howlett, Freeman S. 
Huntington, C. C. 
Ireland, H. A. 

Jarvis, C. W. 

Johnson, E, H. 
Krecker, F. H. 
Langlois, T. H, 
Lindsey, A. W. 
Lipkind, William 
Manchester, R, E. 
Miller, John A. 


Morgan, Richard G. 
Osborn, Herbert 
Schear, E. W. E. 
Shbtrone, H. C. 
Spencer. Warren P. 
Steidtmann, W. E. 
Taft, C. E. 

Van Cleef, Eugene 
Wells, John W. 
Yowell, E. I. 


*One of the three names presented by the nominating committee for memberahip on this 
committee does not appear in the membership list of the Academy, hence only two memberB 
serving until 1946 can be included at present. 

fThe Vice-President-elect of Section G found it impossible to accept the oflace, hence the 
membership committeeman has been advanced to the vice-presidency, leaving his post to be 
filled. 
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REPORT OF THE FIFTY-THIRD ANNUAL MEETING OF 
THE OHIO ACADEMY OF SCIENCE 

The Council thought seriously this year of suspending the annual meeting because of the 
war, but finally decided that organisations of lesser geographic extent could fill an even more 
important place while national groups are so generally abandoning their meetings. The 
annual meeting was therefore planned to take place on the campus of the Ohio State University 
on the last two days of April and the first of May. 1943. 

The session opened with a meeting of the Executive Committee at 2:30 P, M., April 29. 
followed by the annual meeting of the Council. 

In place of the Thursday evening lecture presented in recent years, the Academy accepted 
the invitation of the local chapter of the Society of the Sigma Xi to attend a lecture by Pro¬ 
fessor Peter Debye of Cornell University on “The Magnetic Approach to the Absolute Zero 
of Temperature/’ and the invitation of the Columbus Audubon Society to hear Dr. Donald J. 
Borror of the Ohio State University in a lecture on “How to Identify Birds." 

The sectional meetings occupied Friday. The Mathematics Section presented no program, 
since mathematicians of the region hod already shared in a meeting earlier in April, and the 
Physics Section did not meet independently because of the opportunity to participate m the 
program of the American Physical Society. The Junior Academy presented its usual excellent 
program on the following day. With these exceptions Friday's programs surpassed the 
Council's expectations and provided ample proof of the worth of state meetings under existing 
conditions. The printed program shows a total of 95 papers varying in length from ten mmutes 
to an hour, and three symposia, one a general meeting on conservation and two in the sections 
of geography and chemistry on the special problems of wartime teaching. 

In addition to this portion of the program, the Ohio State Museum presented a number of 
interesting special exhibits. 

The banquet was served in the Faculty Club to approximately one hundred members. 
Dr. Roderick Peattie, as toastmaster, presided genially, presenting first, President Howard 
L. Be vis of the Ohio State University in a brief greeting. In a week flooded with such 
occasions. President Bevis graciously divided hts evening between the Physical Society and 
the Academy. Dr, Clarence Ward of Oberim College responded for the Academy in the 
cultured and scholarly manner that his friends know always to expect from him. 

Following the excellent dinner President Krecker delivered his retiring address on "Woods 
and Trees/’ emphasizing brilliantly the broader opportunities of his field, biology, and painting 
an optimistic picture of the future of man. 

In the annual business meeting the one amendment to the constitution was adopted, 
creating a new class of Honorary Life Members, and three members were elected to the new 
rank under suspension of the time limit cited in the amendment. These members are: 

Alexander, William H. 

Moseley, E. L. 

Osborn, Herbert. 


Dr. S. R. Williams read a brief statement in place of the finished report of the Committee 
on Necrology to be supplied later for publication. 

The report from the Council, read by the Secretary, included a list of thirty-three new 
members and thirteen fellows. Those elected to fellowship are: 


Bells, Arthur G. 
Caster, Kenneth E. 
Cole, L. E. 

Cooper, John R. 
Dexter, Ralph W. 


Hendrickson, Gordon 
Mathews, C. 0. 

Miller, Joseph N. 
Rieveschl, George, Jr. 


Scofield, Herbert T. 
Stbckle, Lynde C. 
Vaughn,James 
Warner, Edward N. 


Dr. Ira Wilson presented the report of the Committee on Resolutions, expressing the 
Academy’s appreciation to our hosts for a very successful, pleasant and ably managed meeting. 

Respectfully submitted, 


A. W. Lindsey, Secretory, 



160 


REPORT OF THE FIFTY-THIRD ANNUAL MEETING 


Vol. XLIII 


REPORT OF THE TREASURER 

Columbus p Ohio, May 3, 1943. 

To the Okxo Academy of Scierice: 

I submit herewith a financial statement of the condition of the Ohio Academy of Science as 
of December 31, 1942. The books have been audited and the opinion of the auditor is herewith 
attached. 

Respectfully submitted, 

Clarence E. Taft, Treasurer. 


EXHIBIT A 

Ohio Academy of Science Balance Sheet as at December 31, 1942 

Assets 

Current Expense Fund: 

Cash on Hand..... $ 20 00 

Cash in Bank . , , 1,008 67 

Total Cash .. 11,028,67 

Dues Receivable: 

1939 . . .. I 25 00 

1940 . . . 95 00 

1941 , . , , .. . 217 50 

1942 ... . 412 50 

Total Dues Receivable.. . 750 00 

Interest Receivable 19.50 

Bonds—Consolidated Federal Farm Loan 1,300 00 

Total Assets—Current Expense Fund.. ... $3,098.17 

Research Fund: 

Cash in Bank ... .$ 284 78 

Capital Stock—Banc*Ohio Secnirities Company (cost).. . 437 60 

Bonds—Fort Hayes Hotel, Columbus, Ohio (cost). ... 1,300 00 

Total Assets—Research Fund. . 2,022.28 

Total Assets. . . . ..$6,120 45 

Liabilities, Deferred Credits and Net Worth 

Liabilities: 

Accounts Payable (Subscriptions Journal of Science).$ 760,00 

Deferred Credits to Income: 

Reserve for Uncollected Dues Receivable.$ 760 00 

1943 Dues Collected in 1942. 20 00 

Total Eteferrcd Credits to Income. . 770,00 

Total Liabilities and Deferred Credits to Income — .$1,520.00 

Net Worth; 

Ohio Acadeniy of Science: 

Current Expense Fund-Surplus .$1,478.17 

Reserve for Investment. ... 100.00 

Total Net Worth—Current Expense Fund.$1,678.17 

Research Fund—Surplus. 2,022.28 

Total Net Worth (Schedule 1).:. 3,600.46 

Total Lubiuties, Deferred Credits and Net Worth .$5,120.46 
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EXHIBIT B 

Ohio Academy of Science Statement of Income and Expense 

Current Expense Fund 
For the year ending December 31, 1942 

Income: 

Dues for the year 1942 .... $1,287.00 

Grants for Research.. , 157 50 

Sale of Publications , 38 09 

Gift for Investment. 100 00 

Interest on Bonds ,. 39 00 


Total Income.,. $1,621 59 

Operating Expenses: 

Clerical Assistance. $ 25 00 

Postage and Telegraph 110 46 

Office Suf)i)hes and Expenses 83 

Exf>enses—Officers to Meetings. . 24 59 

Expenses—Speakers 25 00 

Printing: 

Proceedings of Ohio Journal of Science .. $233 24 

Other . 126 92 

- 360 16 

Research Grants , 157 50 

Subscriptions to Ohio Joumal of Science . 750 00 

Secretary's Honorarium. ... 100 00 

Safety Deposit Box Rent ,. 3 60 

Bond for Treasurer 5 00 

Auditing Expense , . , 16 00 

Bank Charges ... 6 96 

Total Operating Expenses ... 1,584,10 


Net Operating Income. $ 37 49 

Other Income: 

Dues Collected for Prior Years: 

1939.. .. .$ 17 50 

1940. . 62,50 

1941 .. . 122 60 


Total Dues Trior Years . . 202 60 


Net Income FOR the Year . . . .$ 239 09 
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EXHIBIT C 

Ohio Academy of Science Statement of Cash Receipts and Disbursements 
(Current Expense Fund) 

For the year ending December 31, 1942 

Cash Balance— December 31, 1941.1 262 43 

Deposits for the Year: 

Dues 1989. . t 17.50 

Dues 1940 . 62.60 

Dues 1941. 122.50 

Dues 1942. 1,268.00 

Dues 1943 20,00 

Research Grants. .... ... 167 50 

Federal Farm Loan Interest Coupons . 58 50 

Sale of Publications. . . 38 09 

Gifts and Grants for Investment. ... 100 00 


Total Deposits, 1942. . . 1,834 59 


Total Cash to be Accounted for... 12,097 02 

Disbursements (Checks Written): 

Accounts Payable . $284 25 

Clerical Assistance. .. .... 25.00 

Posta^. 110.46 

OflSce Expense and Supplies . ... ,83 

Expense of Officers to Meetings. ... 24 59 

Pnnting. 360 16 

Research Grants. 157 50 

Secretary’s Honorarium. 100 00 

Speakers Honorarium . . .. 26 00 

Swety Deposit Box. — . 3.60 

Bond for Treasurer ... 6.00 

Auditing Expense.16 00 

Bank Charges. 6.96 


Total Disbursements. . . 1,068,86 


Cash Balance— December 31, 1942.$1,028.67 


Cash on Hand—December 31, 1942.$ 20.00 

Cash in Bank—December 31, 1942. . 1,008.67 


Total Cash 


$1,028.67 


AUDITOR’S CERTIFICATE 

Columbus, Ohio, May 1, 1948. 

The Ohio Academy of Science, 

Columbus, Ohio. 

Gentlemen: 

In accordance with your instructions, I have audited the accounts and records of the 
Treasurer of the Ohio Academy of Science for the year ended December 81, 1942. 

I did not audit the accounts shown in the Research Fund. They are presented as sub* 
mitted by Dr. Herbert Osborn to the Treasurer of the Ohio Academy of Science. 

Subject to the foregoing qualification and based upon such examination, in my opinion 
the accompanying Balance Sheet, Statement of Income and Ejqpense, and supporting state¬ 
ments and schedules fairly present the financial position of the Ohio Academy of Science at 
December 31, 1942, and the results of operations for the year ended on that date. 

Respectfully yours, 

Daniel M. Shonting, 

Certified Public Accountant. 
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REPORT OF THE TRUSTEES OF THE RESEARCH FUND 
The Research Fund of the Academy had a balance of $210.53 in the checking: account at 
the beginning of the year 1942 and as no grants were made from this fund and additions 
amounted to $74.25, the balance on deposit at the Ohio National Bank was $284.78. 

Summary of Receipts and Assets 

Balance in Bank as of December 81, 1941.$ 210.53 

Receipts from Interest, etc. . 74.26 

Total. .$ 284 78 

Disbursements. 0 00 

Balance in Checking Account December 31, 1942. . $ 284 78 

Assets 

Bonds (at cost). . $1,300 00 

BancOhio Stock (at cost).... ....... . 437.50 

Cash on Deposit, Ohio National Bank. ... 2^ 78 


Total 


.$2,022 28 


The grant of $152.00 from the A. A. A. S. for 1942 was by approval of the trustees allotted 
to Drs. Wolfe, Scofield and Wareham for continuation of their microclimatic studies in 
Hocking County and a similar grant from the A. A. A. S. for 1943 of $172.00 has been allotted 
by our approval, $100.00 to Drs Wolfe, Scofield and Wareham for further continuation of their 
project in Hocking County, and $72.(X) to Dr. Carl Venard for studies of the mosquito popula¬ 
tions in Ohio* 

It should be noted that the allowances from the A. A. A. S. are expected to be allotted 
and spent within the year and as these allotments are made on approval of the Trustees of 
the Research Fund, applications are desired in advance for the anticipated allowance for 1944. 

The addition of $36,60 to the balance of last December from later receipts gives us a 
balance of $321.28 on deposit and unless there are requests for grants for worthy projects from 
the Academy fund it would seem desirable to invest a par* of this balance and we would suggest 
purchase of U. S. War Bonds if approved by the Academy. 

Respectfully submitted, 

Herbert Osborn, Chairman, 
Paul B. Sears, 

F. C Blake. 


Trustees 


REPORT OF THE EXECUTIVE COMMITTEE AND COUNCIL 

The Executive Committee held two meetings during the year, one on November 21, 1942, 
and one on April 30, 1943, just preceding the annual meeting of the Council, whose first meeting 
took place on January 16. Since actions of the Executive Committee other than minor routine 
details are presented to the Council for action, the following report may embrace the significant 
transactions of both groups. 

The discussion of the desirability of an annual meeting of the Academy was brought to 
an affirmative end that seems to have been amply justified. We may anticipate the con¬ 
tinuation of these meetings during the war. 

During the year the Academy received a bequest of $100.00 from the estate of Hermine 
Z. Hansen. The Council approved the addition of $12.60 to this sum, $11.00 of which was used^ 
the total to be invested in Victory Bonds of $150.00 face value. 

At the first meeting of the Council a suggestion from the Botany Section that its name 
be changed to the Plant Science Section was approved. The Section voted this change at its 
annual meeting. 

A proposal from President Krecker to extend the interest of the Academy in Conservation 
to the human species was discussed in both meetings of the Council, culminating in the approval 
of a committee to work on the subject during a period of five years. For this period the com- 
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mitte« is to consist of Dr.L . H. Snyder as chairman, Dr. R. A. Hefner, Dr. W. P. Spencer, and 
two other members, on© a physician, to be appointed by the president. This committee is 
to be a pioneer organization in surveying the possible field of activity, and is to report to the 
Council at its next annual meeting. At the end of the five-year period it is hoped that the 
committee may suggest plans for its own future. 

The Council also considered the problem of investment of permanent funds and asked the 
Treasurer, aided by one other member, to study the subject in the interest of security and 
satisfactory yield for the benefit of our membership. 

An important attainment of the year is the settlement of the long-standing discrepancy 
in the publication accounts of the Academy and the Ohio Journal of Science and in the establish¬ 
ment of definite regulations for the future. These regulations provide that members in arrears 
at the time of the annual meeting, or on May I if no meeting is held, shall be dropped from the 
mailing list of the Journal until arrears are paid. 

The Council voted unanimously to carry with deferred memberships all members of the 
armed services of the United States for the duration of the war. Dues will not be charged 
during this period and the members concerned may resume their active membership when 
they return to civilian life by paying the dues current at that time. 

The Council calls attention of all members to the prosperous condition of our research 
fund, with a balance of over $300.00 subject to application in addition to approximately $150.00 
available annually from the A. A. A. S. Applications for grants should be addressed to Dr. 
Herbert Osborn, Chairman of the Trustees of the Research Fund, who may be reached during 
the summer and early autumn ’at the Ohio State UniN^ersity. 

The Council also adopted a provision that sections failing to participate in three successive 
meetings of the Academy shall be dropped, since such a failure may be taken to indicate that 
the members feel no need for the organization. 

Respectfully submitted, 

A. W. Likdsev, Secretary. 


REPORT OF THE JOINT ADMINISTRATIVE BOARD OF THE 
OHIO JOURNAL OF SCIENCE 

Columbus, Ohio, April 3, 1943. 

To the Ohio Academy of Sctevce: 

The annual meeting of the Joint Administrative Board of the Ohio Journal of Science 
was held at the Ohio State University April 3, 1943. Present were Drs. Snyder and White, 
representing the Ohio State University; Drs. Spencer and Ray, representing the Academy; 
and Drs Blaydes and Miller, representing the Journal. In the absence of the Chairman, 
Dr. Patrick, Dr. Spencer nominated Dr. Snyder to act as Chairman; seconded by Dr. Ray. 
The motion carried. 

Dr. Snyder called the meeting to order at 11:00 A. M. The minutes of the preceding 
meeting were read and approved. 

The editor’s report, given by Dr. Blaydes, included an analysis and summary of the manu¬ 
scripts on hand. Thirty three papers have been accepted and are available for publication. 
In addition manuscripts of special interest are being solicited with plans to include them in 
forthcoming issues. 

The following motion was presented by Dr. Ray and seconded by Dr. Snyder: 

Upon the receipt of an acceptable paper from an Ohioan, who is not a member of the 
Academy, the editor shall enclose a membership blank along with the acceptance of the 
paper. 

The motion was carried. 

The acceptance of the editor’s report was moved by Dr. Ray and seconded by Dr. Spencer, 
The motion was carried. 

The business manager’s report was given by Dr. Miller. The financial statement follows: 
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The Ohio Journal of Science-Fiscal Year 1942 
Receipts 

Balance from 1942. . $ 186 43 

University Allowance... . . , . 760.00 

Ohio Academy of Science—pro rata of Dues. . 611 00 

Ohio Academy of Science—Proceedings . , . 233 24 

Subscriptions. ... .... 83 00 

Sale of Back Numbers_ ... ... .... ... 43 76 

Author’s Payments for Plates.. . .... 130.20 

Payment by Author of Publication Costs. . .... 40 00 


Expenditures 

Spahr and Glenn Co., Prmting Vol. 42 and Envelopes and Stationery. $1,630.10 

Bucher Engraving Company .. . 286 42 

Postmaster,., . . 41 19 

Bank Charges. 3 94 

Refund to Franklin Square Agency. ... 68 


$1,862 33 

Balance on hand January 28, 1942 (Huntington National Bank).. 216 29 

$2,077 62 

Drs. Snyder and White were aiipointed as auditors. Dr Spencer moved the acceptance 
of the business manager’s report; seconded by Dr. White. The motion was earned. 

A motion by Dr. Ray; seconded by Dr. White, was that Drs. Snyder, Blaydes, and Miller 
be empowered to select an assistant business manager. I'he motion was carried. 

The committee adjourned at 2:00 P, M 

Res^jectfully submitted, 

John A. Miller, 
Secretary of the Board, 


REPORT OF THE LIBRARY COMMITTEE 

Columbus, Ohio, April 27, 1943. 

To the Council of the Ohio A cademy of Science: 

The past year has been so uneventful in library work that it has not even been necessary to 
bring any matters to the attention of the other members of this committee. Claiming numbers 
of journals that failed to arrive, posting individual issues of our own journal, keeping the mailing 
list correct, and making a few sales have been about the extent of the work during the entire year. 

The sales of publications amounted to $31.16 including tax. This sum, w'ith an itemized 
statement, has been given to the Treasurer. One sale was for more than $22.00, as a southern 
university which owned a few scattered numbers of the Proceedings purchased all the remain¬ 
ing numbers in order that it might have a complete set. Thirteen other sales were made, 
consisting of sixteen copies of eight different Special Papers. Eight of the fourteen sales were 
to people in Ohio and one each of these places, Connecticut, New York, Washington, D. C., 

,Louisiana, Michigan, and Wisconsin. I'he sales have been increasing somewhat each year 
since the all-time low of $7.66 in 1939. 

Last year the members of this committee considered ways to circulate more of the stock 
of the Academy publications. Two plans were suggested and the results were to be reported 
this year. One plan was to send the price list to book dealers, as it had been some years since 
this had been done. Accordingly a new list was mimeographed and copies were posted to 
thirteen dealers, but with no results so far. The other plan was to make use of the new Union 
List of Serials which was to appear in the summer of 1942, in order to ascertain the various 
numbers of the Proceedings which were lacking in the libraries listed in it and offer to supply 
them on a sale or an exchange basis as the case might be. As the publication of the new Union 
List was postponed, this plan could not be carried out, but it will be whenever the List is pub¬ 
lished and its results will be reported to the Council. 

Very few foreign exchanges are being received and on our part we are not posting the Ohio 
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Journal of Science outside our own country except to Canada. New exchanges have been 
received during the year from Mexico City, San Salvador, and Harvard University. 

Respectfully submitted, 

Ethel Melsheimbr Miller, Chairman. 


REPORT OF THE COMMITTEE ON NECROLOGY 
To the Ohio Academy of Science: 

Out roster of members has been depleted during the closing academy year by the decease 
of SIX members; one of whom had been a member about thirty years, one about twenty years, 
three about ten years, and one only one year. Each is a distinct loss to science and to the 
Academy. The youngest, Dr, Pierstorff, was bom in 1895, Dr. Inman five years earlier. 
Messrs. Mathewson and Matheny were each about sixty, and Mr. Chase and Miss Nichols 
seventy. 

Susan Percival Nichols was bom in Maine in 1873, completed her public school and was 
graduated from Cornell University in 1898. She was a fellow in Botany at Cornell the next 
year and had an American University Woman's table at Naples Zoological Station. After 
two years of teaching at Houghton Seminary, New York, she was a fellow at Wisconsin, 
1902^, and was given the Ph.D degree there in 1904. For four years she taught in a private 
school in Kentucky and then began her life work as instructor in Botany in Oberlin College. 
She rose through the ranks to a professorship in 1925, and after several years as head of her 
department, retired in 1938. 

Dr. Nichols was modest and retiring, a keen observer, a skillful technician in spite of the 
* physical handicap of a withered arm, an inspiring teacher, a clear thinker and consistent 
research worker. Although always teaching a full schedule she brought several studies to 
fruition, presented her results to scientific societies, and published them. These character¬ 
istics and performance made a deep impression upon many a student. Her studies at her home 
in Portland, Maine, on native orchids were interrupted by her death. 

Dr. Nichols was for many years an active member of the Ohio Academy (became a Fellow 
in 1922), of the A. A. A. S., the American Society of Naturalists, and of the Jossylin Botanical 
Society of Maine. 

John H. Chase was bom in Atlanta, Ga., October 26, 1873, where his father was a professor 
in Atlanta University. He received his B.S. degree from Amherst College and M.S. from 
Columbia University, after which he became a social worker in New York City. He continued 
his welfare work in Cleveland and Cambridge, Mass., and about thirty years ago came to 
Youngstown. He became executive secretary of the Youngstown Playground Association and 
was through all his woik there a pioneer full of good working ideas. He lived to see accepted 
as necessities many of his “revolutionary ideas." 

Better housing, supervised play, better understanding between the Negro and White 
races, water conservation, tree planting, and various phases of conservation were enthusi¬ 
astically supported by him. He worked through the schools, Y. M. C. A., Y. W. C. A., Scouts, 
and Fresh Air camps. He served as president of the Ohio Nature Clubs, and of the Youngs¬ 
town Nature Study Club and as trustee of the Natural Resources Council. 

His zeal and inspiration rose highest when he could interest boys and girls in plants, 
animals, stars, rocks, minerals, experiments, or play. He was the foremost local authority in 
Geology and published “Introducing Our Ancestors,'* “Geology Trails,** and many newspaper 
articles. He had completed a paper on “Earth Rhythms'* for the Academy meeting last 
spring. A few days before the meeting he wrote the chairman of his section, “Because my 
health is not tops I may not be able to make the trip,'* and enclosed a copy of his speech. He 
died in sleep before the day of the meeting. 

Youngstown bestowed many honors upon Mr. Chase, not the least being John H. Chase 
Day in 1936 when 3,0(KM,000 persons turned out to do him honor. In his later years he was 
proud to be chosen professor of Geology in Youngstown College, where he stood strong for field 
work and actual contact with the things and phenomena of his science. 

William Alexander Mathenv was bom in 1882 here in Ohio. After the regular public 
school program he entered Ohio University at Athens and received the B.Ph. degree in 1908. 
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The next year he added the A.M. degree from Clark University and in 1911 his Ph.D. from the 
same institution. He served as assistant in Botany these three years at Clark. He was 
invited to teach Botany in his Alma Mater at once and became professor of Civic Biology And 
Botany at Athens, Ohio, University, in 1912, which position he held until his death of pneu¬ 
monia January 15, 1943, 

He joined the Academy in 1933 and was a member of A. A. A. S. His investigations were 
in several civic and biologic fields; drink-cup problems, house fly, seed dispersals, and 
physiologic effects of alcohol. 

Stanley B. Mathewson was bom in Georgia in 1884. At the age of twenty he was given 
his B.S. by the Georgia School of Technology, Atlanta. Much of his life work has been in 
various aspects of personnel and in administrative positions in chemical and industrial institu¬ 
tions. He has served as a District Manager of Bell Telephone and Telegraph Co., as Regiona, 
Director of the National Labor Relations Board, as a member of the National Research 
Council and the Vocational Guidance Conference of Economic Security. He was a Major in 
A. G. Reserves, 1918-39, a member of the American Legion, A. A, A. S., National Audubon 
Society, and the Florida Audubon Society. He became a member of the Ohio Academy of 
Science in 1931, Section on Psychology. He was a member of the Episcopalian Church, the 
Kiwanis and several other clubs. He published several books and papers on Personnel, Labor, 
Management, and Unemployment Insurance, 

Mr. Mathewson had recently retired to Melbourne, Fla. His work brought him m close 
touch with many men among whom he always moved with ease- welcome in any group. 

Ondess Lamar Inman was bom in Bloomfield, Ind., November 11, 1890, was given an 
A.B. by Indiana University, 1915, B S. by University of Idaho, 1918, and Ph.D. by Harvardl 
1921. He held a teaching fellowship and instructorship in Botany at Idaho, 1915-18, and 
Austin Teaching fellowship at Harvard, 1919-20. Dr. Inman became professor of Biology 
at Antioch College in 1921, shortly changed to Physiology, and became Dean in 1929, which 
positions he filled until 1930 when he became Director of the C. F. Kettering Foundation, 
His main work here was experimental research on chlorophyl. He was a member of A. A. A. S. 
and Botanical Society of America and joined the Academy in 1923, serving as vice-president 
in 1986. 

Some of his special interests were Respiration injury and recovery processes; Symphal¬ 
angism; pathogenic bioluminescent bacteria; metabolic studies on Chlorella clathrata; chlorophyl 
and photosynthesis. He prepared a key to the Genus Calamagrostis. 

While much of his work was done as a member of Antioch College faculty he always wanted 
lime for research and welcomed the call to devote all his time to study and exjieriment. 

Arthur Lewis Pierstorff was bom November 12, 1896, and died July 28, 1942. Dr. 
Pierstorff was graduated from the Ohio State University in 1919 with a degree of Bachelor 
of Arts, and received the degree of Doctor of Philosophy from Cornell University in 1929. He 
was a second lieutenant, field artillery, U. S. Army, in 1918. 

Dr. Pierstorff was assistant county agent at Rochester and Fredonia, New York, 1921-22; 
research fellow at Cornell University, 1922-23; plant disease director of the New York State 
spray service at Cornell University, 1924-26; extension horticulturist at Rutgers University, 
New Jersey State College of Agriculture, 1926-27; extension plant pathologist and associate 
professor botany at the Ohio State University, 1928--38, and associate professor of botany 
in the same institution from 1938 to the time of his death. 

Dr. Pierstorff was a recognized authority in the field of plant pathology and polology. 
He organised a centralised scab spray service for the state of Ohio, which has been an out¬ 
standing service to the orchardists of the state. The effects of his very capable and efficient 
service in extension work will long continue to be evident in all parts of the state. 

Dr. Pierstorff's affable, sincere, and genuine manner, and his warm personality won him 
many friends among his colleagues and among the agriculturalists of the state. 

Our losses always sadden us yet we find satisfaction in contemplating these lives of 
accomplishment. Respectfully submitted, 

Geo. D. Hubbard, 



WOODS AND TREES^ 


FREDERICK H. KRECKER 
Ohio University, Athens, Ohio 

Some of you, I am sure, are wondering why a zoologist should presume to 
discuss a subject which apparently lies within the domain of the botanist. Of 
course to be strictly zoological I might have used the words formicaries and ants, 
but no one before me has said, “One can't see the formicary for the ants,” and I 
do not presume to establish a saying. 

I have had considerable experience instructing the general arts college student, 
the student who takes zoology as a college requirement and without thought of 
continuing in the field beyond the limits of the course. Each year at about this 
season, after all the tumult and the shouting of instruction have died down, in 
the wee small hours of the fading academic year, I take stock and ask myself 
in troubled seriousness, “What have I conveyed to my charges?" Facts, most 
certainly; but facts without their significance are as food without vitamins. One 
is filled but does not thrive. Hence, I query, have I been content to show to my 
students merely the trees of fact, each after each in all their intricacy of detail, 
or have I also taken them to a vantage point and shown them the beauty and 
majesty of the forest? Have I, in other words, taken full advantage of the oppor¬ 
tunities which President Brown of Denison at our last meeting so eloquently 
ascribed to the instructors of science. You will remember that in the course of his 
remarks he humorously itemized the tongue twisting terms that met his gaze 
as he reviewed the requisitions of his scientific staff. President Brown, however, 
saw beyond the terms and the facts they represent. He saw them as a means 
not as ends. Unfortunately some members of our scientific fraternity, not to 
mention the man in the street, see only the terms. * Nothing is so revealing, so 
pathetically revealing, as the desperate efforts the casual acquaintance makes 
to find a common ground of conversation once he discovers you are a zoologist. 
All too often he amusingly, likewise tragically, attempts to recall a name—oh, 
yes, he says, I studied zoology once. Let me see, what is the name for oysters 
and clams? . . . That man has seen the trees. I wonder whether he was ever 
shown the woods; whether he was trained in anything but bare facts. And I 
wonder too whether, perhaps still more unfortunately, the significance of sig¬ 
nificances was ever appreciated by his instructors. 

The trees and not the woods loomed large in the remarks made by a colleaipe 
of mine, a purveyor of the humanities, on the occasion of a round table discussion 
between a faculty group and students on the ever-recurring topic of science and 
religion. The immediate question at issue was the relation of scientific facts to 
religion. My colleague was of the opinion that the two could be in no wise related. 
By way of illustration he pointed to the facts of meteorology; certain conditions 
of temperature, moisture, atmospheric movement we know result in rain. How 
can that knowledge possibly have any connection with rel^ion, he queried. The 
answer, as we well know, is simple. This certainty of results which the meteoro¬ 
logical facts represent takes much of the mystery and consequent uncertainty 
out of the comings and goings of the weather. To just that extent we feel secure 
and in harmony with the powers that ride the storm. 

My colleague’s query did double duty. It revealed the barren trees of both 
science and religion but the woods of neither. The fundamental yearning which 

“Address of the retiring president of the Ohio Academy of Science delivered at the annual 
meeting of the Academy held in Coltunbus, Ohio, April 30, 1943. 
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the appeal to religion strives to fulfill is the yearning for security, a yearning 
which ^ps all of us. We tremble before the overpowering uncertainties of 
enveloping fate, the unknowable, and strive to achieve a harmonious relationship 
through religious experience. The woods, which apparently neither the scientific 
nor the religious experiences of my colleague had revealed to him, were that just 
as the all compelling quest manifested through religion is the quest for security 
so the all embracing fruit of science is to afford security; the security that frees 
from the bonds of uncertainty and superstition and soothes the troubled soul with 
the peace that passeth understanding. 

This doctrine of security, the teaching that we live in an environment ordered 
by dependable, understandable principles is as old as science itself, the leit motif 
that has threaded its guiding way through scientific thought throughout the ages 
from the times of the early Ionian teachers to the present. As F. H. Pike^ reminds 
us in a published note within the year, ‘‘One great change which occurred in the 
period from Thales to Plato was the substitution of a world, perhaps even a uni¬ 
verse, of law for the older world of caprice.” And with it there was bom a new 
thing, “science,” which as Burnet® so aptly defines in his survey of Greek 
philosophy is “thinking about the world in the Greek way.” 

To return to my colleague and, I fear, to many others like him, what a woeful 
void there must have been in what he reaped from science, perhaps also in the 
guidance offered him by his mentors. One is moved to paraphrase the biblical 
interrogation, what doth it profit a man to gather the facts of science and lose 
its soul 

One group of scientific facts, its bare, gaunt trees stripped of their piecing 
foliage, tells us that every partu'lc of matter is attracted by every other particle 
in proportion to the product of the masses and inversely as the square of the 
intervening distances. These few words represent a vast number of subsidiary 
facts and a prodigious amount of painstaking effort in their fonnulation. It is 
known to all who mull them over that they explain the floating of a mote of dust 
to the ground and in the same breath the grand movement of the planets through 
space, I am wondering, however, how many of those who have burnt the mid¬ 
night oil in mastering these facts, how many of our students, indeed perhaps, how 
many of their instmetors and how many of our friends in the humanities like 
my colleague of the religious discussion have been taken to a mountain top from 
which they have been able to see that these same facts have served also as a guide 
post in our quest of the ultimate, in moulding man's interpretation of his universe, 
in orienting himself in time and space; that they have been one of the things 
which has helped to satisfy man's wonder, the awsomc wonder that comes over 
one as he gazes into the depths of a star-studded winter sky where wonder leads 
to wonder and one is moved to breathe the thought, “What is man that thou 
art mindful of him?” 

, As Sir James Jeans^ points out, “The law of gravity was important not so 
much because it told us why an apple fell to the ground or why the earth and 
planets moved around the sun as because it suggested the whole of Nature was 
governed by hard and fast laws—in the light of Newton’s work—Man began 
to see that he was free to work out his own destiny without fear of disturbance from 
interfering gods, spirits, or demons.” Or again to partly paraphrase Dampier,® 
Newton's reduction of the phenomenon of gravity to mathematical terms, coupled 
with the work of Copernicus and Galileo, in one grand sweep validated terrestrial 
mechanics in celestid spaces and eliminate with finality the Aristotelian and 


•Science, April 24,1942. 

•Early Giiek Philosophy, 4th Edition, 1930. 
^"Scientific Progress/’ ,, 

®Sir William Dompier, “A History of Science, . 1938. 



160 


FREDERICK H. KRECKER 


Vol. XLIII 


mediaeval doctrine that ‘*the heavenly bodies are divine, incorruptible and differ¬ 
ent in kind from our imperfect world.*' The effect was even deeper and struck 
at the very roots of religious beliefs in that it was made impossible any longer to 
gaze into heaven just above the sky. and to shudder at the rumblings of hell 
beneath the ground." Consequently, as Brett* comments, ‘^The seat of religious 
belief was thus moved from the heart to the head; mysticism was excommunicated 
by mathematics, . . . the way was opened for a liberal Christianity which 
might ultimately supersede traditional beliefs.** 

Incidentally a statement like that is indeed comforting to a zoologist. It 
lifts from his shoulders some of the burden placed there by the populace for having 
undermined ancestral beliefs. 

Biology’s central contribution to human thought has been the doctrine of 
organic evolution. This doctrine has brought coherence and order and significance 
to a multitude of otherwise apparently disconnected facts and theories within 
the field of biology itself and haus opened up wide vistas of vision in other fields 
as well. It is undoubtedly superfluous to mention this to a scientific assemblage 
such as this, but there are scientists, even biologists, who tend to belittle the 
importance of evolution in the scheme of instruction. And here again I am moved 
to wonder whether we see the woods as we look at the trees; whether we consider 
the fact of the evolutionary origin of animals and plants as an end in itself and the 
meticulous details of evidence as ends in themselves or whether we look upon them 
as means to a broader end. As ends in themselves they are probably pleasant 
bedtime stories, if you like that kind of story. They are facts and add to one’s 
store of such things, if your hobby is making a collection. If that is the spirit 
in which one presents the matter embellished for good measure with much precise 
detail, I fear that in the words of the philosopher, Irwin Edman, once applied to 
some of the humanities, it will be shortly ^Mying of anemia, of archeological 
hardening of the arteries aud will become a corpse handled conscientiously by 
solemn morticians." 

As means to an end the formulation of the doctrine of organic evolution, like 
the formulation of the principles of gravity, has served as the factual basis for a 
reorientation of human conceptions. If Newton paved the way for a liberalized 
Christianity, Darwin has paved the way for a liberalized socio-political outlook. 
The doctrine of organic evolution has once and for all destroyed the concept of the 
immutability of human institutions as well as of animal bodies. It has destroyed 
finality. If man as an animal is the product of change, his institution, the state, 
as a socio-political organization is not immutable. \^at served the purposes 
of our fathers may not of necessity serve ours. And so also have we b^n con¬ 
ditioned to discard the concept of absolutism in the field of economics. With 
changing times come changing economic principles. 

Organic evolution with its handmaiden, natural selection, has destroyed the 
sociological equalitarianism of the French revolution. All men may be equal 
before the law; they are not equal before the bar of life. Gone too is the categorical 
dictum as a basis for morality and in its place has come racial experience, those 
standards which have survivi value for the race. Morality in this light conies 
to mean allegiance to that code which will enable one’s countrymen to live and 
to have life more abundantly. For those who may mourn the passing of the 
categorical standard, let me say that racial survival is a far more exacting standard 
than one which, perchance, permits of compensation by doing penance. The 
youthful monkey merrily swinging from limb to limb who misjuc^es his mark 
gets no second chance and leaves no descendants. It is, indeed, easier for a camel 
to pass through the Needle’s Eye than to cheat the laws of life. 

•G. S. Brett, “Sir Isaac Newton/* 192&. 
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Tlwre is tonight no time, even if this could be considered an appropriate place, 
in which to trace all the ramifications of our racial experience as a standard by 
which we may order our lives. However, I should like to enlarge upon one phase 
of our experience which does appear to be peculiarly applicable to the present 
state of world affairs. Julian Huxley,^ in discussing man’s achievements points 
out, as have others, that “the next step of greater control must be over man 
himself . . . through (among other methods) doing away with nationalistic 
drives and superimposing an international form of government on the world.” 
To a biologist there straightway comes the question, what evidence have we that 
cooperation is any more successful than isolation as a biological method.? Has not 
the arch isolationist, Amoeba, survived for millions of years and have not thousands 
of other rogged individualists been successful among the animal hordes? That 
interrogation immediately poses another—what is success? And to answer 
one must differentiate between survival and mastery. An animal, all of us, may 
survive through a variety of devious subterfuges and expedients, the common 
mark of which is that they entail subservience. However, success in fullest 
measure is mastery over conditions. If organic evolution has any significance it is 
the story of how living material has through the cooperative actions of its sub¬ 
divided units approached, if it has not yet attained, mastery. 

I am fully aware of the fact that organic evolution does not of necessity proceed 
along a straight line principle, that life has followed a thousand and one devious 
pathways and on occasion has even retrogressed; but the fact remains, nevertheless, 
that at each level on which there has been a closer approach to mastery that 
approach has been accompanied by a greater division of labor and a closer coordina¬ 
tion of the constituent units until in man the master, they have become woven 
into an intricate pattern of cooperating parts. At the opposite extreme lies an 
ineffectual, single-celled droplet of living material exemplified by Amoeba. 
Organic evolution is thus history, as much a fiart of our history as is the history 
of the written word, and as such, in fulfilling one of its functions, it points out the 
road we have trod and lights the way that lies ahead. 

I am a zoologist, but for a moment I should like to turn historian, that man 
who has been termed by Sc'hlegel a prophet looking backward, and as such a 
prophet refresh your memories by briefly tracing the steps of this story as others 
have done before me. 

It can begin with Amoeba, a creature which epitomizes individualism. Not 
even in the commonly shared function of reproduction is it dependent upon another 
for assistance. A thousand and one changes have been rung on this isolationist- 
individualist theme among its fellow protozoans, each change having brought 
survival but no shred of mastery. 

One of the early mutations leading out of the protozoan doldrums was that 
which result^ in causing proliferating cells to remain clustered together, and as 
apeh clusters to cooperate in the form of tubular units; a condition exemplified 
in varying degrees by the Porifera and the Coelenterata. The rewards were those 
that come from numbers and elementary divisions of function. This condition 
was followed by an innovation which resulted in dense, compact and solid masses 
of cells being able to exist as a single unit exemplified by our friends and tormentors, 
the flatworms. This state of affairs was accompanied by greater diversification 
in the constituent units and preeminently by rectilinear locomotion. 

The next steps—three of them—in this mutating series were particularly 
significant; the development of distance receptors, the device which produced 
essentially compound animals, and the accompanying delegation of authority to 
subcenters which thus made possible the rapid and efficient control so characteristic 
of the metameric groups. 


Stands Alone, “ 1940. 
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Metamerism is as far as life has gone in the way of physically compounding 
units. The compounding has continued but on the psychol^^cal level, or social 
level if you wish. If we are to consider psychological reactions as a specialized 
manifestation of physiological states, the continued compounding which we term 
our social organization is fully as much a physiological pr<w.ss as were the physical 
unions just outlined and as such must be considered a direct continuation of this 
compounding tendency, a continuation made possible by the development of 
distance receptors. 

In saying this, I am mindful of those who maintain that social organization is 
not comparable to corporate organization. I am inclined to think the difference 
is not so much a matter of principle as of means. In the one case the constituent 
units have been held together by bonds of ph^ical contact, in the other they 
have been as firmly held by the influence of distance receptors. Emerson,® the 
ecologist, has recently expressed the view that, ^‘Regardless of how one interprets 
the unity of the more complex human societies, the human family, and other 
family systems, are real cooperative, supra-organismic entities. . . . Society 
is merely a manifestation of fundamental life attributes which are shared with 
other biological systems (e.g., multicellular organisms) and the divisiotx between 
the social and the non-social is not sharp."' Jennings® goes further and points out 
that there is much to be said in favor of the conclusion that "‘mankind is a single 
great organism temporarily divided into pieces—the individuals." Through this 
device the essential benefits of physical union are retained and become enriched by 
the advantages to be derived from mobile units. The study of organic evolution 
is, indeed, from one standpoint essentially a study in populations. Much can 
be said in support of the conclusion emerging from such a study, that in its animal 
phases at least unitary masses of protoplasm, whether these units be cells or bodies, 
under similar conditions follow essentially similar principles of group organization. 

The social organization of the corporate population has, as you know, followed 
along two lines, the one illustrated by certain insects, the other by man. Among 
insects the culmination is reached by the ants and the termites, those individually 
defenseless creatures and toothsome morsels for many a foe which have through 
cooperation lived from the tropics to the borders of the Arctic. 

Our own social structure is an even more intricate and widespread culmination 
of increasingly interdependent component units the progress of which has followed 
one unswerving path marked by the milestones of free cells, tissues, organs, organ 
systems, compound organisms, then families, tribes, kingdoms, empires, major 
alliances, and still it holds its course into the future. Faintly outlined as yet 
but apparently on our course lies some type of world union. This last prophecy 
may be branded an ultra-utopian fancy, but it must not be thought that the 
pyramiding of units I have just traced whether in the field of phwical union or 
sociorpolitical associations came without a struggle, without false starts that 
led up blind alleys or, indeed, ended in stark failure. 

For those who may be faint-hearted, the fact to be kept in mind is that with 
all the difficulties that beset the way, union was eventu^ly accomplished, that 
with each union, with each sacrifice of self, with each restriction of liberty, there 
has been a stride toward greater mastery, toward a fuller, more abundant life for 
the whole. At one extreme is individualism, represented by Amoeba, beholden 
by neither jot nor tittle to anyone, grovelling withal in the dime and sw^t hither 
and yon by every whim of nature. At the other extreme are millions of inter¬ 
dependent cells united in the form of men who,' in turn, through their combined 
efforts have overcome the sufferings of famine, the scourge of ijestilence, the 
barriers of distance, the mysteries of the air, y^, even the intricacies of creative 

•A. E. Emerson, Denison University Bulletin, December, 1941. 

•Journal of Social Philosophy, January, 1937. 
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sjmthesis. Optimism for the future is well expressed in the words of the palaeon* 
tologist, Lull,^® who writes, ‘'The great heart of nature beats, its throbbing stimu¬ 
lates the pulse of life, and not until that heart is stilled forever will the rhythmic 
tide of progress cease to flow.” 

Among the social insects the price paid to the group for the benefits of 
cooperative action is that the individual be bom to a class and have stamped 
upon him unalterably the form of his station in life—worker, soldier, king or 
queen—there to remain toiling dutifully without will or choice that the group 
may survive. That is straight-jacket^, inflexible efficiency, not inviting to 
those of us outside the pale of Nazi or Fascist rule. It has, moreover, fallen 
short of control, probably because its morphological inflexibility is paralleled by 
inflexibility of nervous reaction. 

There is no gainsaying that one of the most patent of biological principles 
requires that when individual and species conflict, it is the individual that must 
give way even to the extreme of life itself. For us the demands of society are 
indeed becoming more and more exacting; we are individually being held to a 
closer and closer accounting. There is ever-increasing regimentation. But 
we of the vertebrate line are fortunate in that we belong to a type of social organi¬ 
zation which permits its members the opportunity of realizing their responsibility 
to the group and of doing their duty voluntarily and without compulsion. If we 
but will, therein lies our avenue of escape from the fate of an enforced regimentation 
analogous to that of the insects. 

The responsibility which rests upon us individually arises from the division of 
labor inherent in society. Each sequence in the evolutionary progress of living 
material from microscopic unit to dominating mass involved more^ and more 
detailed division of labor and with each advance there came increasing respon¬ 
sibility. For instance, in an unspecialized body like that of a sponge the entire 
body, as you well know, can be taken apart cell by cell and then the whole mass 
or any portion of it can again take on the form and function of a sponge. Here, 
it matters little whether any one or a group of cells fail At the opposite extreme 
in man, the loss of an islet of cells in the pancreas means death. Clearly specializa¬ 
tion and responsibility go hand in hand. 

The inexorable demands of nature that each do his duty to his kind need not 
of necessity mean that before us lies a future in which we shall be slaves to the 
State, Nazi-fashion. A slave performs his duty without choice, has no voice 
in his fate. Before us lies the opportunity to both exercise our choice and discharge 
our duty. If, however, we do not so choose, we shall have responsibility and no 
freedom, no chance to direct our fate. There are even now those among us who 
would impose the protot 3 rpe of insect rigidity upon our form of social organization. 
Its most extreme exponents are the followers of Nazi philosophy. Rauschning^^ 
reports Hitler as declaring, "There will be a master class . . . also a new middle 
. . . and the great mass of the eternally disfranchized. Beneath them 
still will be . . . the modem slave class. . . . Universal education is the most 
corroding and disintegrating poison that liberalism has ever invented for its own 
destruction.” Carrel** has expressed somewhat similar views as for instance, 

. . . "The democratic principle has contributed to the a)llapse of civilization 
in opposing the development of an elite. . . . modem civilization is incapable 
of producing people endowed with imagination, intelligence and courage. . . . 
the equality of their (man's) rights is unequal.” 

It is true that there are biological differences among us which cause difficulties 
in a democratic state, but gene distribution is such that few are wholly of inferior 

WR, S. Lull, ‘‘Organic Evolution," 1929, 

Voice of Destruction." 
the Unknown," 
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quality and few, if any, of wholly superior stuff. The mechanism of transmission 
and interaction of genes further complicates the picture. And who is to differ¬ 
entiate what is good or how ? As Jennings suggests, “One of the greatest difficulties 
in the way of effective human action lies in the lack of agreement as to the end 
to be attained. . . . perhaps the greatest difficulty of all lies in the lack of 
agreement as to the individuals or groups that should ben^t by the action to 
be taken.” 

The course upon which the physically undifferentiated and mobile fabric of 
the vertebrate social organization is set does not of necessity demand a society 
straight-laced and closely regimented in which freedom of action is surrendered. 
It does demand and will exact the surrender of action for self alone. It does 
place upon us unalterably responsibility to our fellow men. The failure on the 
part of lUany of us, most of us I fear, to realize this fact has been an important 
source of our present unrest. With a sense of allegiance to the group in the ^irit 
of that larger self-interest which realizes that the greatest good for the individual 
is inextricably bound up with the good erf the group, there ne^ be no fear of enforced 
regimentation. Unlike the straight-jacket^ insect civilization, such realization 
of individual responsibility permits us freedom to pass from stratum to stratum 
as the cast of the genes may decide and leaves us the stimulus of individual 
initiative. The specializations of society without a sense of re^onsibility lead 
to the limited privdege of an unbridled, cancerous growth; speci^ization with a 
sense of the common good leads to the harmony of a well-ordered body. 

As I come to the end of my remarks let me mention once again my thoughts 
at the close of the academic year, my interest in the trees of fact and the woods 
of significance. I have, as you see, directed your attention to but a few examples. 
First among them was the very soul of science, the sense of security which scientific 
facts convey. Second was the influence of what may appear to be purely physical 
principles upon the liberation of man from the bonds of religious ignorance; third, 
the significance of the facts of evolution as a guiding light upon our way and 
finally the significance of the individual’s obligation to the group. I have discussed 
them because with all the immediately practical applications of fact that can be 
made, which are truly many and important, such applications alone are not 
sufficient. The instructor in science has not completely fulfilled his responsibility 
to those who come to him for guidance unless he has pointed out the wider sig¬ 
nificances. These broader applications which catry tts into the realm of ideas 
are required to fully satisfy that age-long quest which Sir William Dampier has so 
richly clothed in these words: 

“At first men try with magic charm 
To fertilize the earth, 

To keep their flocks and herds from harm 
And bring new young to birth. 

Then to capricious gods they turn 
To save from fire or flood; 

Their smoking sacrifices bum 
On altars red with blood. 

Next bold philoscmher and sage 
A settled plan decree, 

And prove by thought or sacred page 
What Nature ought to be. 


But Nature smiles—a Sphinx-like smile— 
Watching their little day 
She waits in patience for a while— 
Their plans aissolve away. 

Then come those bumbler men of heart 
With no completed scheme, 

Content to play a modest part, 

To test, observe, and dream. 

Till out of chaos come in sight 
Clear fragments of a Whole; 

Man, learning Nature's ways aright, 
Obeying, con control." 



THE ANTS OF THE KILDEER PLAIN AREA OR OHIO 

(Hymenoptera, Formicidae)* 

MARY ELIZABETH AMSTUTZ, 

203 Samaritan Ave., Ashland, Ohio 

This paper consists of a description of the Kildeer Plain, a list of the varieties 
of ants found, and some notes in regard to their habits of nesting as observed in 
this area. 

Wherever variations in the geological conditions of a region occur, there are 
found corresponding differences both in the flora and fauna. The climatic conditions 
including temperature, precipitation, etc., may be quite similar, yet there appear 
an amazing number of different habitats for living organisms. The very fact that 
one type of soil is composed of clay while another is composed chiefly of sand or the 
fact that here may be good drainage while at some distant point may be none at 
all, certainly determines in no small measure the type of organism which will exist 
or fail to find desirable environment. 

This is true on a large scale across the entire width of the continent, on a smaller 
scale in the separate states and still more minutely, within the counties themselves. 

The species of ants found in the Kildeer Plain Area of Ohio are of particular 
interest to the myrmecologist, for here is a small area which geologically is unusual 
in the state. 

The following list embracing twenty-seven species, subspecies and varieties 
is undoubtedly incomplete. Ants have been taken from many varied habitats 
as a small plain area presents. They have been taken in a dense oak-hickory 
forest at the edge of the prairie, on sloping banks of the Tymochtee Creek, along 
roadsides, in open prairie fields, many of which have not been under cultivation 
for five or six decades, and open fields that are again being put under cultivation. 
In the last mentioned instance, the newly plowed furrows were carefully examined 
for ^ecies which otherwise might have b^n overlooked. 

T^ie collections were made chiefly during the summer months of 1938 and 
the spring of 1939. 

Due to the fact that there is no extreme environmental difference within this 
area, coitiparatively few species are found, but some of these appear in great 
abundance, for example: Formica cinerea neocinerea, which is known as a prairie 
ant. Some species living here are not very common elsewhere in the state, and 
some species commonly found elsewhere are prevented frorn living in this area 
abundantly because of the limiting characteristics of the region. 

DESCRIPTION OF LOCALITY 

The Kildeer Plain area is located mostly in the south central portion of Wyandot 
County between T)miochtee Creek on the west and the village of Harpster. It 
extends also into a small section of northwestern Marion County. The area is 
approximately niite miles in length (east and west) and six miles in width (north 
and south). Its entire western and most of its southern boundaiy is determined 
chiefly by Tymochtee Creek. 

‘The writer expresses sincere appreciation to* Dr. C, H. Kennedy, under whose guidance 
«md stimulation the work has been done, and to Dr. Mary Talbot who has given so freely of her 
time, particularly in the checking of identifications. Gratitude is extended also to Dr. Earl L. 
Core for identifications of the flora of the region and to Dr, J. Ernest Carman who has given 
valuable assistance in the comprehension of the geology of this plain area. 
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This plain is one of several found in the state. It is high in comparison with 
the altitudes %f Ohio, its average elevation being almost nine hundred feet, with 
a general slope toward the north. It is situated in the Ohio-Erie Divide or the 
Wabash Terminal Moraine Region, and, being in the midst of this great water shed 
of the state and slightly on the northern slope, there are no large streams. The 
chief drainage, of which there is little, is the T 3 anochtee Creek and its tributaries. 
Just a little farther to the north are the headwaters of the SandusW River. The 
general course of both of these streams is due north, toward Lake Erie. 

The soils of this area are composed chiefly of three types: Miami silt, Clyde 
loam and clay loam. H. W. Olson, in studying the soils of this county as a habitat 
for earthworms, finds the organic content of the soil to vary from 3.5 per cent 
to 5 per cent, which is considered a high content. The pH of the soils ranges 
from 7.40 to 8.40, and the moisture content is found to vary, during normal con¬ 
ditions, from 15per rent to 32 per cent. One conclusion can be drawn immediately 
from these obsen^ations, i. e., that variations in the flora and fauna are not 
restricted by the lack of organic material in the soil. It is also to be noted that 
there is considerable change in the moisture content from time to time. 

Since the soil in this restricted area is chiefly of a fine texture, it is generally 
present in one or the other of two extreme conditions: either too wet or too dry. 
These conditions are not conducive to the healthy growth of flora, particularly of 
trees. Miss Thompson® states, “The affinities of the flora of any region are the 
product of past geologic and climatic history and of present edaphic and climatic 
conditions.“ Fauna, and particularly the type in which we are here interested, is 
certainly restricted by the lack of certain plants and again encouraged by the 
presence of others which may be foimd on the prairie. 

The climate for this small area is apparently no great limiting factor in deter¬ 
mining the presence of the ants found here, because the climate is consistent with 
that throughout the state. The mean annual temperature for Ohio ranges from 
49° P. in the north to 53,5° F. in the south. Rainfall is abundant over all the 
state, increasing only slightly in the north. 

The ant population of this section is determined both directly and indirectly 
by past geologic conditions: directly, by the type of soil itself, and the poor drain¬ 
age; indirectly, by the growth of flora and fauna which is here due to these 
conditions. 

Prairies are chiefly of two distinct types: high and low. The low prairie has 
been formed from a depression in the moraine region. At various times of the year 
it is covered with water. The high prairie was formed from depressions or small 
lakes which have been filled in. It is moist, but above water. 

It is generally accepted that the Kildeer Plain is one of the latter t3rpe. With 
the slope of the plain slightly to the north and the recession of the terminaJ moraine, 
there apparently was not enough drainage to carry away all the moisture. As the 
moraine receded farther, the moisture was allowed to drain off and the shallow 
lake bottom became filled by the slow accumulation of vegetable matter, and 
perhaps by the washing in of adjacent land and fine soil. 

The flora of this plain area will be discussed briefly for two reasons: (1) because 
it has a direct bearing upon the fauna, and (2) because it, too, is of a different 
nature than that found over most of the state. 

As far back as 1835 the peculiarities of the plant and animal life were noted by 
Cyrus P. Bradly in his journey from Marion to Sandusky, for he writes, *T shall 
never forget my ride across the floomy, unhealthy prairies which produce nothing 
but long grass, homed cattle, disease, mosquitoes and rattlesnakes. One species 

*Thoinpson, Isabel, 1989. Geographical Affinities of the Flora of Ohio. The American 
Midland Naturalist. Vol. 21, No. 8, May, page 730. 
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of meadow grass was shown to me which is given the singular cognomen of Roman 
Catholic Grass.*' {Hierochlo'6 odorata (L.) Beauv.).* 

There is much evidence to prove that in earlier times prairies were more numer-' 
ous and continuous than they now are. This gave opportunity for prairie species 
to spread, and it seems quite probable that some of the plants found on this prairie 
now have spread in from the west. Some of the species of plant lif^ here are found 
only on isolated prairie patches such as are represented by the Kildeer Plain. 

The oak-hickory forest on the edge of the plain is t 3 rpical except that the area 
is extremely humid. Parts of the forest floor are entirely covered by jewel weed 
(ImpaHens bifiora Walt.)^ At the edge of the forest the following plants are in 
evidence: water plantain {Alisma planiago-aquaiica L.), button-bush {Cephalanlhus 
occidentalis L.), wild yellow lily {Lillium canadense L.) and sensitive-fern {Onoclea 
sensibilis L.). 

Scattered here and tliere throughout the plain area is the cotton w<xxl tree 
{Populus deltoides Marsh). This tree is found typically, bordering streams and 
moist places, and here too, it finds favorable conditions for growth. 

A few of the remaining typical plants in the Kildeer Plain are: 


Hairy Milkweed. 

SuUvant’s Milkweed , . 

Sallow Sedge. 

Spear Thistle. 

Squirrel-tail Barley. . 

Slender Rush. 

Wing-angled Loosestrife 
Flat-stemmed Blue Grass 

Virginia Rose. 

Dark green Bulrush. . . 
Fringed Yellow Loosestrife 
Western Ironweed. 


(Asclepias puJchra Ehrh.) 
{AscUptas sulivantit Engelm.) 
{Carex lurida Wahl.) 

{Cirsium lanceolatum (L.) Hill) 
{Hcrdeum jubatum L.) 

(Juncus tcntus Willd.) 

{Lythfum alatum Pursh.) 

{Poa compressa L.) 

{Rosa virginiana Mill.) 

{Seifpus airovirens Muhl.) 
{Sieirofnema ciliaium (L.) Raf.) 
(Vernonia Jasciculata Michx.) 


Western Ironweed is recorded for Ohio only in two counties: Erie, which borders 
Lake Erie, and Wyandot, the county in which Kildeer Plain is located. Sulivant's 
Milkweed is an illustration of plant life which occurs in isolated prairie patches. 

All of the plants here recorded are typical of one of the following situations, 
each of which is closely allied to the other: roadside, meadow, moist meadow, 
prairie, swamp margin, swamp and wet woods. Such are the conditions found 
in Kildeer Plain. 


HYMENOPTERA—FORMICIDAE 
Subfamily Ponerinae 

\ 

This group is listed first because it represents the most primitive of all the 
Formicidae, and it may well be that the Ponerines represent the ancestral stock 
of the more highly spbdalized subfamilies. Its species are found in greater 
abundance in the tropic than in the temperate zone. Some species of Ponerinae 
are found quite frequently, but even then, their nesting sites are much more 
inaccessible than those of other species. 

The colonies are small and the nests are alyrays found in well-protected, damp 
places such as decaying wood and damp soil which may be found under roclra 
and boards. 

•Scars, P. B. 1926. The natural veg^tion of Ohio, Ohio Jour. Sci., 26, page 137. 

•Identification of the flora of the region by Dr. Earl L. Core of West Virginia University, 
Morgantown, West Virginia. ^ • 
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The subfamily Ponerinae is easily recognized by the presence of a distinct 
constriction between the first and second segments of the gaster and also of a large, 
w^ developed sting. 


Genus Ponera Latreille 

Ponera coarctata subsp. penitaylvanlca (Buckley). 

Pontra penns^vanica Buckley, 1866. Descriptions of new species of North American 
Pormicidae. Proc. Entom. Soc. Phila., 6: 171. (Worker.) 

Warkers and males of this ant were taken both in the woods and in the open field. Workers 
Were fouad under bark and in partially decayed oak. The males, with a few workers, were found 
in August in the deep hummock of a prairie field. The colonies of this slender species of ant 
are very small. There are sddom more than forty or fifty workers with five to fifteen pupae 
during brood rearing. 


Subfamily Myrmicinab 

This subfamily, while not as primitive as the Ponerinae^ is also of the more primitive type. 

Representatives of the various genera are found in a variety of habitats and in many sections 
of the country. The species vary greatly in size, color, and size of colony. Some, because of their 
numbers and place of abode, get to be pests, as in the case of Monomordum pkaranois (Linnaeus). 

Most members of this subfamily also have large, well devdoped stings as were present in 
the Ponerinae. Instead of having a well developed constriction beyond the first segment of the 
gaster, as in the Ponerines, this segment is clearly separated off, so that the pedicel consists of 
two highly specialized segments, which is the outstanding mode of identification of all Myrmicinae, 

Genus Crematogaster Lund 

Cremitogaster lineUiata (Say) 

Myrmica lineolaia Say. 1896. Descriptions of new species of North American Hymen- 
(^tera and observations on some already described. Bost. Jour. Nat. Hist. 1; 290. 
(Worker, female, male.) 

This rather common species is found to nest in many situations. It was found in woods, 
in open fidds nesting in hard, dry clay and in moist soil. Winged males and females were taken 
in July. 

The nesting sites of this ant, as found here in the prairie, provide an illustration of insect 
adaptation to an environment. Here in the prairie where there is not an abundance of dead 
wood, it must by necessity find other nesting sites, if it is to survive. 

Crematogaster lineolata var. ceraai (Pitch). 

Myrmica eerasi Fitch. 1854. Trans. New York State Agric. Soc. XIV. p. 835. (Worker.) 

This variety is slightly lighter in color than the previous one, otherwise is similar. It was 
taken from dead elm and oak trees. A very large odony, including workers, winged males and 
females, was taken in August, also from a dead dm. 


Genus Soleiiopsia Westwood 

Solenopala molesta (Say). 

Myrmica moUsta Say. 1836. Descriptions of new species of North American H3rxnenoptera 
and observations on some already described. Bost^ Jour. Nat. Hist. 1; 295. ^o»er.) 

The thief ant, by which name this minute species is sometimes known, is found in almost 
any type of surroundings. It lives independently or as a thief in other formicaries. It has 
been found in grass, in mounds, under stones all of which may be in moist or in dry places. It 
has been taken in this area in association with Myrmica at^ Formica, particularly on the tops 
and sides of the mounds they build. The colonies frequently become quite large. Winged 
males and females were taken during July and August. 
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Genus Myrmecina Fabr. 

Myrmecina graminieola sub&p. americana var. breviapinoaia Emery. 

Myrmectna latrciUei subsp. americana var. brevis^nosa Emery. 1894. ZooL Jahrb.^ Abth. 
of Syst., 8: 271. (Workers, females, males.) 

The one small colony which was taken was found nesting in a crevice under the bark of elm 
in a damp, shady woods. It prefers shady, rather moist habitats. 

Genus Leptothorax Mayr 

Leptothorax longiapinoaua Roger. 

Leplolkorax hngisfinosu^ Roger. 1863. Die neue aufgefuhrten Gattungen und Arten meines 
Formidden Veraeichnesses. Berl. Ent. Zeitschr., VII, p. 180, No. 69, (Worker.) 

A small, black species which is usually found nesting in tight places. Small colonies were 
taken from this area in the crevices of bark on living oak in the woods. Winged females were 
found in August in the scaly bark of elm. 

Leptothorax fortinodis Mayr. 

Leptothorax fortinodis Mayr. 1886. Die Ponniciden der Vereinigten Staaten von Nord- 
amerika. Verb. Zool.-bot. Ges. Wien. XXXVI, pp. 461, 452. (Worker, female.) 

At no time was an entire colony of this species taken. A few stray individuals were found 
on the bark of oaks at various times, and twice they were found as strays in the open held. 

Leptothorax curviaplnotua Mayr. 

Leptothorax cwrvispinosus Mayr. 1866. Sitz. B.k. Akad. Wiss. Wien, 53: 508. (Worker.) 
The few stray ants of this species, which were observed, were wandering on vegetation at 
the edge of the woods. 

Leptothorax eurviaplfioaua subsp. ambiguui Emery. 

le^tkorax curvispinosus subsp. ambiguus Emery. 1895. Beitr^e zur Kenntniss der Nord- 
amerikanischen Amneisenfauna. Zool. Jahrb. Abth. f. Syst., VIII, pp. 317, 320. 
(Worker.) ^ 

Most of these small yellow ants were found as strays in the woods and in the open field. 
A few were found in the mounds of F, neocinerea. One nest with forty-four workers and a 
de&late queen was taken from a hummock in a field, during August. The firm, clay hummock 
was completely covered over with clover. 

Genus Myn&ica Latreille 
Mynnica acabrinodia lobicoroia var. fracticoniia Emery. 

Myrmica scabrinodis lobicornis var. fracticornis Emery. 1896. Zool. Jahrb, Syst. Vol. 8, p. 
313. (Worker.) 

This small, dark colored ant was taken abundantly in shallow, gtass covered mounds of the 
prairie. It was found ind^>endettt1y in mounds and was collected several times at the base of 
F, neodnerea motmds. With but one exception, it was always found where there was moisture, 
and was occasionally found in very wet clay. Winged males and females appear during August 
and were taken abundantly. This was one variety that was found in the moist furrows of newly 
plowed fields. Since the varieties of M, scabrinodis are so similar, there is some doubt as to the 
identification. 

Ilyrmica tcahrinodls tabuletl var.? 

(This form is recognized by Dr, Neal A. Weber in an unpublished monograph of the genua 
Myrmica.) 

This ant is quite similar to Af. fraetkarnis Emery, except for a slight variation in the frontal 
Carina. This variation is so slight that it offers difficulties, consequently identification of this 
species is also uncertain. This variety, not as common as M. frmcUcornis, was collected only 
once. The nest, which contained winj^ queens, was located in a small grass-covered mound, 
in a field. 
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Genus Aphftenogaster Mayr 

jUphaenogaster fulTA subsp. tquia (Buckley). 

MyrmUA {Monomerium) aguia Buckley, S. B. 1867. Descriptions of new species of North 
American Fortnicidae, Proc. Ent. Soc. Philad. 6: 341. (Worker, female.) 

A moist blue grass-clover situation provided the habitat for the few times this subspecies 
was found in the open field. At no time was a nest observed in the area, the few specunens having 
been taken as strays. 

Subfamily Dolichoderinae 

There are comparatively few species in this subfamily, but they have a wide range of habitat. 

In this subfamily the pedicel consists of but a single segment which is not vertically pro¬ 
tuberant, and there is no constriction between segments in the gastcr. The sting is vestigial 
or absent. 

(^nus Dolichodonxs Lund 

Dolicboderus plagUtus (Mayr). 

Hypodinea plagiata Mayr. 1870. Neue Pormiciden Verb. Zool.-bot. Ges. Wien. 20: 057- 
960. (Worker.) 

This ant was taken only once, and then just a few workers were found on a smilax vine which 
was growing on an elm tree at the edge of the woods. It is easily distinguished by the epinotal 
shelf or hood and by the presence of a coarsely puntcate head and thorax and lighter spots on 
the abdomen. 

Genus Tapinoma Forster 

T^iinoixui tesaile (Say). 

Formica sessilis Say. 1836. Descriptions of new species of North America Hymenoptcra 
and observations on some already described. Host. Jour. Nat. Hist. 1; 287-2^. 
(Worker, female.) 

A wide-spread species, it is found to nest in varied circumstances. It was taken in the open 
field, in woods, under stones, on the bark of trees, in sunshine and in shade. The larvae and 
pupae of this ant are dull orange in color, and when an entire nest is uncovered it frequently 
emits a peculiar odor which has often been called a ‘^rancid butter odor.** 

Subfamily Componotinae 

The species represented in this subfamily are more highly developed in habits than some 
previously mentioned. The number of species is large and each genus is highly subdivided. In 
this subfamily we have represented some of the largest known ants as well as one of the smallest. 

The pedicel in this group consists of only one segment and the sting is either vestigial 
or absent. 


Genus Brach3rmyrmex Mayr 

Brachymyrmez heeri subsp. defdlls Emery. 

Brachymyrmex heeri Forel subsp. depiUs Emery. 1898. Bdtrige »ur Kenntniss der Nord- 
amerikanischen Ameisenfauna. Zool. Jahrb. Syst. 7: 686. (Worker, female, male.) 

One of the smallest ants, it is known to nest in shady places, under stones, in cool, moist 
sites. Each time it was found on the prairie it was located in plowed f\«Tows of cool, moist 
earth, which were at least eight inches deep. Its distribution is probably widespread here, but 
due to its nesting habits, it was not found frequently. 

Genus Camponotus Mayr 

CmapWMftm heeu^antM subsp. penacylvtttlcus (DeGeer). 

Formica pennsylvanica DeOeer. 1773. Mem. Serv. Hist. Insect., 3: 608, PI. 81. Figs, 9-10. 
(Workers, females, mates.) 

7^ ant shows a wide range of adaptability to temperature and moisture, It is by far the 
most abundant Camponotus in the Middle Wis9t. Each time this species was taken in the oak- 
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hickory woods at the edge of the prairie, it was found in partially decayed logs and stumps. Once 
it was found as a stray in the open field about twenty-hve feet from a poplar tree, wandering about 
in the grass. 

CamponotuB caiyae (Pitch). 

Formica caryae Fitch. 1866, Trans. N. York State Agri. Soc. 14: 865-859. (Worker, 
female, male.) 

Loose bark of trees and hollow twigs formed the nests for this species. At no time were 
large numbers taken, because the individuals of a colony on being disturbed scatter quickly. 
Winged females were found in August. 

Genus Lasius Fabricius 

LbbIub niger subsp. allenuB var. ajaericanus Emery. 

Lastus niger (L.) subsp. alienus Forster var. americana Emery. 1893. Beitrage zur Kenntniss 
der Nordamerikanischcn Ameisenfauna, Zool. Jahb. Abth. Syst. Vol. 7 , p. 639, pi. 22. 
(Worker, female, male.) 

This ant is the most common and most abundant of all ants and is found in nearly all parts 
of North America. It displays evidence of indifference in the location of its nesting sites, for 
it has been found in this prairie rq^ion each time collecting was done and in all types of habitat. 
In the woods it prefers damp logs for its nesting sites, while in the prairie proper, it nests in the 
soil. Winged males and females were found abundantly in August. 

Laalua tunbratua subsp. mixtua var. aphidicola (Walsh). 

Formica aphidicola Walsh, B. D. 1862. On the genera of aphidae found in the United States. 
Proc. Ent Soc. Philad. 1: 310. (Worker, male.) 

The colonies of this variety cultivate root aphids and coccids. It is undoubtedly because 
of this characteristic that these ants were found in the moist roots of grass which was growing at 
the base of trees in the woods. Collections were also made from logs in the woods and from 
mounds located near a ditch at the edge of the woods. 

G«nus Formica Latreiile 

Fennica futca var. lubnrieea Say. 

Formica subsericea Say, T. 1836. Bost. Jour. Nat. Hist., 1: 289. (Worker, female.) 
Workers of this species were taken all through the woods in partially decayed logs, in 
mounds at the edge of the woods and along roadside ditches. They were encountered quite 
frequently, for the ant is common in the region. 

Formica pallidefulTa subsp. nitldiventriB Emery. 

Formica paUideJulva Latreiile var. niHdiven^s Emery. 1898. Beitr&ge zur Kenntniss der 
Nordamerikanischen Ameisenfauna. Zool. Jahrb. Abth, Syst. Vol. 7, p. 672, pi. 22. 
(Worker.) 

Most of these ants were found in the open field, but always in places protected by stones 
and hummocks. They were also found on the slope of Tymochtee Creek under stones which 
shaded by trees. Winged queens were taken in July. 

Formica pallidefulva subsp. nitidiTeatria var. Iisacata Emery. 

Formica poUideJidoa subsp. fuscata Emery. 1893. BeitrAge zur Kenntniss der Nordamer- 
ikantschen Ameisenfauna. Zool. Jahrb. Syst. 7: 666* (Worker, female.) 

Only a few workerli of this variety were found in the region, and these on the bark of an 
oak in the dense forest. This species resembles very closely F. niiidiventris, except that it is 
slightly darker. 

Formica paUideftilva Latreiile subsp. aduuifuaal Mayr, var. incerta Emery. 

Formica pcdlidtf^dm sckaujmsi var. inmta Emery. 1898. Beitrage zur Kenntniss der Nord- 
ame^anischen Ameisenfauna. Zool. Jahrb. Syst. 7: 665-6w. (Worker, female, male.) 

These were found as strays in the open field and ^Iso at the edge of the woods 
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Fonnica duerea var. neocinerea Wheeler. 

Formica cinerea cinerea, var. neocinerea Wheeler. 1913. A Revision of the Ants of the 
Genus Formica (Linne) Mayr. Bull. Mus. Comp. Zool. Harvard, Voh 53, p. 399, 
624. (Worker, female, male.) 

This variety so closely resembles F. rutilans and F. montona, that it is quite difficult to make 
a distinction except for slight color variations. It is often called a prairie ant, for in the natural 
hummocks it finds a perfect nesting place. This is the ant which is found most conspicuously in 
the Kildeer Plain area, and in some fields is found in almost a pure F. cinerea neocinerea 
community. 

The mounds are numerous and arc quite close together. They vary in size, but generally 
are about six or eight inches high and about twenty inches broad. The largest mound noted 
was at least ten inches in height and thirty-six inches in length. 

The bases and sides of the mounds usually are grass-covered and the tops are nearly always 
bcuren. Some have been found where the tops of the mounds also were grass-covered. The 
mounds which are free,of grass on top, generally have a thin layer of debris there. This debris 
is composed of dry twigs, fragments of grass and possibly materials brought up from the mound. 

Sixty-five such mounds were opened and all but four were found in the prairie in typical 
neocinerea communities. The remaining four were found at the edge of the forest. 

One very interesting thing was noted in the fact that twenty of these mounds were built at 
the base of thistle. The live thistle either protruded from the mound or was found at the side. 
That the presence of these live thistle plants is of any consequence is uncertain, but it appears 
far from being coincidental, since almost a third of the mounds presented this feature. 

There is a possibility that the honey-dew secreted by the aphids which dwell upon this 
thistle {Circium lanceolaium L.) furnishes the motive in this association, for frequently F. cinerea 
neocinerea has been observed on the plants, which harbored aphids, in great numbers. 

The necessity of mounds for this variety of ant is not positive but it seems likely that they 
are a refuge and protection in periods of excess moisture, since drainage is poor. The nests 
themselves extend into the soil to the water table, a depth of severs 1 feet. They may dwell 
either below the surface level or above in the mound, as necessity demands. 

A greater choice of temperatures for brood rearing occurs in a mound superimposed on 
underground galleries. The temperature at various places within a mound is unequal, thus 
making it possible for the brood to be moved to warmer and cooler areas, as may be necessary. 

Formica cinerea var. rotUana Wheder. 

Formica cinerea var. rutilans Wheeler. 1913. A revision of the ants of the Genus Formica 
(Linne) Mayr. Bull. Mus. Comp. Tkfoh Harvard 53: 309, 525-526. (Worker.) 

This variety was located in three nesting sites? in a newly plowed field, a mound in the 
prairie resembling that of F, neocinerea and in a small mound at the edge of the woods, Due to 
the similarity of this ant to F. neodnetea in both appearance and habits, it is difficult to identify, 
consequently, this identification is uncertain. It was not observed abundantly in the region. 

Formica montana Emery. 

Formica subpoHta var.? montana Emery. 1893. Zool. Jahrb. Syst., Vol. 7. p. 663. 

This ant is extremdy difficult to distinguish from F. neocinerea and F. rulilans, for both the 
ant and the mound resemble these two species. 

The mounds which were opened were found in the same field scattered among the F. 
neocinerea mounds. These mounds were present also at the base of thistle. The habitats ot these 
ants seem to be identical. 

Formica ulkei Emery. 

Formica ulkei Emery. 1895. Beitrage zur Kenntniss der Nordamerikaniachen Ame&senfaima. 
Zool. Jahrb. Syst. 7: 663, pi. 22, fig. 7. (Worker.) 

This ant bdongs to the exsecioides group which is distinguished by havtt^ the head of the 
worker and the female deeply excised behind. 
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The mounds which this ant builds resemble j^reatly the mounds built by P. neodnerea, but 
they are distinguished by their general shape. The F. ulkei mounds are much rounded on top 
and as they continue to grow, they are built in height as well as in width. The neocinerea 
mounds, in contrast, have the tops flattened and grow chiefly in width. 

The location of the ulkei mounds shows a marked difference, for this species prefers to nest 
at the edge of the woods or along roadsides and ditches where there is a constant supply 
of moisture. 


DISCUSSION 

1. Formica cinerea neccinerea is by far the outstanding ant in this Kildeer 
Plain area, both with reference to the size of the colonies and its widespread dis¬ 
tribution in the region. 

2. The species of ants in the area are determined in part by the topography 
of the region, the amount of moisture, and the materials which can be used for 
nesting places. 

3. On the edge of the plain where slopes and wooded areas are included, the 
number of species increases in proportion to the materials which can be used for the 
nests of colonies. 

4. Many of the ants commonly found in other parts of the state are not found 
here, or are rarely found, due to restrictions in the environment. 
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DROSOPHILA CULTURE WITH A MINIMUM OF AGAR 


WARREN P. SPENCER, 

Department of Biology, Wooster College, 

Wooster, Ohio 

Since the early days of Drosophila culture, agar has served as an important 
ingredient of standard Drosophila media. At present agar stocks in many 
Drosophila laboratories are rapidly nearing depletion. Reduced laboratory 
personnel, the prohibitive price of agar and the prior claims on it for important 
bacteriological work constitute a serious problem. However, it seems patent 
that the Drosophila work should be continued at least to the extent of preserving 
valuable stock cultures which represent many years of careful work and which 
could in many cases not be replaced if once lost. For years the author has been 
particularly interested in culture methods, and therefore makes some suggestions 
here which he hopes may be helpful. 

Stock cultures of the various Drosophila species are best kept in containers 
at least as large as quarter pint bottles and preferably in half pint bottles rather 
than in vials. The larger containers with larger food mass provide a margin of 
safety where reculturing is not done strictly on schedule. It is important to use 
enough adult flies in making up a fresh culture so as to eliminate chance of losing 
the culture through the accidental death or sterility of a few of the parent flies. 
As the adult flics feed on solid or semi-solid surfaces and do not burrow into media 
their food supply is determined by total exposed surface and not by volume of 
food. However, as flics easily become mired in soft food a medium with an agar 
base is by far the most convenient and satisfactory. Some laboratories have with 
some degree of success increased the com-meal and oat-meal content of the medium 
and reduced or eliminated the agar content. However, such media are difficult 
to pour and not entirely satisfactory. For stock cultures we have reduced the 
agar content somewhat, but pour only a thin layer of medium about one fourth 
inch deep in half pint bottles. This gives the same feeding surface for adults as 
medium poured to a depth of an inch and a half. In this way we can pour from 
125 to 150 half pint culture bottles with the use of 25 grams of agar. Then after 
a week or somewhat longer in case of slow breeding species a plentiful supply of 
food is added for the young larvae. This food contains no agar. It may consist 
of chunks of com-meal, Karo, yeast mixture or more frequently we use a sheet of 
facial tissue dipped in a fresh suspension of baker's yeast in water, about 100 
gran^ of yeast to 600 cc. of water. Thus on a minimum of agar adult flies are 
provided adequate surface for feeding and later larvae are supplied adequate vol¬ 
ume of food. With this procedure there is no difficulty encountered in reculturing 
as the food mass has formed a cake which does not easily shake loose by the time 
a new generation emerges. 

For experimental cultures (but not for stocks) the following method is used. 
Com-meal, Karo, agar medium enriched with brewer's yeast is made up and 
poured into suitable containers such as large covered glass dishes or altuninum 
pans. As Moldex is used, dishes of this medium may kept in the refrigerator 
for a week or longer, A supply of cardboard parallelograms about an inch and 
a half long and cut on the bias is made up. A dish of medium is turned out onto 
a flat tray and cut into blocks about one inch lone and a quarter inch thick, Card¬ 
board Strips and blocks of medium are of a width to fit into the size of vial used. 
Blocks of medium are placed on the cardboard strips and a drop of heavy yeast 
suspension added. For convenience in handling, glass vials are held together 
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in sets of seven with rubber bands. These vials are set out on the table, pairs of 
etherised flies dropped into them and then the vials are turned on their sides, 
cardboard strips with medium inserted, vials plugged and placed in the horizontal 
position in trays, and allowed to stand for the deporition of eggs and emergence of 
young larvae. After several days the vials are unplugged, parent flies released, 
and with forceps the cardboard strips are removed. Into each vial is poured a 
suspension of baker's yeast in water (see above), and a sheet or part of a sheet 
of facial tissue folded once and pushed down to the bottom of the vial. For a 
large vial 100 mm. x 15 mm., one fourth full of yeast suspension, a double sheet 
of facial tissue will absorb the liquid. The tissue should then be pulled back 
slightly from the bottom of the vial to ensure the complete soaking up of the 
liquid medium. The cardboard strip containing medium, eggs and larvae is then 
dropped in on the paper and the vial replugged and set in an upright position. 

larvae burrow very readily all through the paper base, provided too much 
yeast suspension has not been used. Experience will indicate how much paper 
and yeast suspension to use for vials of different sizes. Pupation takes place 
mostly in the paper. By this method the yield per vial is large, the flies are of 
uniform size, reach maximum size for the species, and owing to the abundant and 
easily available food supply larval competition is cut to a minimum. There is less 
spread in the emergence period than with other media. However, flies should be 
examined within two or three days of emergence as the paper-yeast suspension is 
not an adequate diet for adults. A small piece of fresh solid medium added after 
pupation will keep the adults over if they cannot be examined soon after emergence. 

For some years I have used the method described above for all experimental 
cultures. For such large species as Drosophila hydeiy D. rohusta, and D. funehris 
yields of 300 flies per vial are not uncommon, and the average yield is over 150 
flies. Furthermore, vials are more easily cleaned than where agar medium has 
been poured into them. Even where there is an abundant agar supply the author 
recommends this procedxtre for experimental cultures. In case agar supplies are 
depleted, thick com-meal or other culture media which are difficult to pour might 
readily be cut into blocks for use as described above. 


Floriculture 

This book is described by its authors as . . .a text for the teaching of a course dealing 
with ornamental plants.'* It will serve this purpose well. Approrimately 140 pages are devoted 
to lists, kws, and tables of the characteristics, requirements, and floricultural uses of ornamental 
plants. The extensiveness of these lists wilt make the book valuable also to commercial orna¬ 
mental plantsmen as a reference manual. The prim^ list of each kind of plant is arranged 
alphabetically according to taxonomic family. It is unfortunate that the authors, trained 
scientists, were not completely successful in avoiding the layman's imscientific practise of ascribing 
the opacity for human emotion to plants: on pa^e 9, ^'suffer;" on pages 281, 839, and 402, 
“pr^er;** and on page 824, ‘‘partial to.’* The seed is iiuxirrectly defined as a “ripened ovary" on 
page 164. No other errors of definition were noted. The loose language of popular catalogues 
found its way into the descriptions of hardy waterlilies. Of the variety Attraction it is stated, 
“This is the largest hardy lily, ..." while of Odoraia sulpkurea irandiflcra it is stated, "This 
is the iarg^est of all hardy mies. ..." All the illustrations are line drawings of only fair quality. 
Figure 49 does not show what the text describes for a side naft. Besides nine chapters on par¬ 
ticular gmups of plants, there are ten others including the following titles: Soils. Fertilizers, 
Soilless Culture, and Greenhouse Management .—EUon F. Paddock, 

V. Florioiltura; Fundaskentali and Practleea, by k: Laurie and V. H. Ries. 496 pp., with 67 
illustrations. The McGraw-^Hill Book Company, New York, 1942. $4.00. 



RECORDS OF ANOSTRACAN PHYLLOPODS 
IN NORTHEASTERN OHIO 

RALPH W. DEXTER AND LESLIE E. SHEARY 
Kent State University 

Records of anostracan phyllopods (fairy shrimps) in Ohio and adjoining regions 
are not very plentiful. Chambers (1874) report^ Eyibranchifus vertulis from a 
temporary pool near Covington, Kentucky, a few miles from Cincinnati. Hunt 
(18^) listed E. stagnalis for the Cincinnati region. Garman (19^) described 
E. neglectus from Kentucky. Baker and Rosof (1927-1928), who studied spermato¬ 
genesis in fairy shrimps, collected their specimens of E. vermUis in the Columbus 
region.' Ward (1940) reported E. vernalis from several poc^ near Cincinnati 
during the sprifig of 1938. No published accounts of anostracan phyllopods are 
known to the writers for northeastern Ohio. For older records in the known 
distribution of Anostraca, consult Packard (1883), Johan^n (1921, 1922) and 
Creaser (1930a). For recent records of these sporadic organisms in eastern North 
America, see Dexter and Ferguson (1943). The present paper is concerned with 
studies on the seasonal and geographic distribution of Evbranchipus vernalis 
(Verrill) in the northeastern section of Ohio. 

Preliminary field collections were made of the anostracan phyllopods in the 
vicinity of Alaon, Ohio, during the late winter and spring of the years 1938-40. 
During the winter and spring of 1941 a restudy of the Akron area was imdertaken 
with the addition of several new stations making a total of 17 in Summit County. 
Of these 17, six stations contained populations of E. vernalis. One of these pon^ 
is known to have contained this species in 1936, 1938-1940. Two others are 
known to have had Evbranchipus vernalis in 1940. In addition, a rather extensive 
survey was made of Portage County, involving the examination of 80 temporary 
pools and ponds. Of these 80, seven stations were found to contain Eubranckipus 
vernalis, the only species of anostracan foimd in the two counties. This sp^ies has 
been previously reported from Massachusetts, New York, Pennsylvania, New 
Jersey, Kentucky, Ohio, Indiana, Michigan, Illinois and Ontario. Hence, 13 
ponds out of a total of 67 studied, or 13.4 per cent, were inhabited by this fairy 
shrimp. In all but four cases the population was rather large and more so than 
reported from Illinois and Ontario by Ferguson (1939). However, a single spec¬ 
imen only was taken from two of the pools. In both of these cases the collection 
'was made near the end of the fairy shrimp season (April 8). 

The presence of fairy shrimps in two ponds near Canton, thirty miles south of 
Portage County, was reported to us by Mr. Charles H. Kuehnle in 1940. Subse¬ 
quent collections of E. vernalis were made there in the spring of 1940 and 1941. 
One of these ponds contained the largest population of fairy shrimp found in our 
studies. Other records were also reported from near Canton. These reports 
were investigated in 1942, and the finoings will be published in a later paper. The 
presence of fairy shrimps near Wooster was also reported to the writers, but no 
specimens have been collected by them there. 

E. vernalis was one of two species reported by Ferguson (1939) and Dexter 
and Ferguson (1943) from east central Illinois. The othw mecies, E. serratus, the 
more abundant and widely distributed species there, which has alix) been reported 
from Missouri and Nebra^, was not found in our northeastern Ohio studies. 

'The specuneas were collected in a pond near the campus of Ohio State University. The 
univenity later bought the pr^rty and drained the pond. No other published records of 
B. vernalis are known for the vicinity of Columbus. Personal communication from 1^. R. C. 
Baker, Department of Anatomy, the Ohio State University. 

m 
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One pool in Stimmit County contained specimens of Eubrandlripus vernalis in 
the spring of 1940, but did not have them in 1941. It was also observed that they 
disappeared there early in the season of 1940, sometime before April 13. Appar¬ 
ently conditions were not favorable as the fairy shrimps continued for several 
wee^ in all other pools which had them in this region, and reappeared abundantly 
in those pools the following year. No pool lacking fairy shrimps when examined 
in 1940 was found to cont^n them in 1941. 

The geographic distribution can readily^ be seen by reference to figure 1. The 
distribution was widely spread and sporadic. In only two cases were fairy shrimps 
found in closely adjoining pools. In most cases pools having shrimps were 
surroimded by pools not having them. 



All specimens were collected in temporary pools or ponds of clear, cold water 
from winter rains and melted snow and ice. Metanauplii were collected vrith a 
plankton net, and adults with dip nets. Those pools which were frozen over during 
the early collections, and from which samples had to be taken through the ice, were 
revisited later after thawing for a more thorough sampling. Several stations con¬ 
taining phyllopods were visited every week until the fairy shrimp disappeared. 
Mdst of the pools were found in pastures and field comers and were of the typical 
"grassy" type as noted by Shelford (1913), but several were of the cattail type, and 
some were m ditches along roads and railroads (see figiue 2 and cf. Dexter and 
Ferguson, 1943). Crealer (1929) found Eubranchipus most abundantly in wood¬ 
land pools, and occaafonally in t^ls which did not completely dry up. Mathias 
(1937) claimed that tome phyllopods are found in permanent bodies of water. 
One of our collections came from a pond which very seldom dries up completely 
ajithough a broad margin is dry each 8ummert> 

Ferguson (1935, 1939) reported E. vemalis in Ontario as being found only in 
the deq>er pools. This may be due to the thick ice that sometimes forms in that 
region. Many of the Ohio records reported here are from shallow pools no more 
thw one foot in depth. Two of the pools, on the other hand, were sevend feet 
deep, one having a depth of nearly five feet.-* Specimens were found in temper- 


178 


RALPH W. DEXTER AND LESUB E. SHEARY 


Vol. XLIII 



Fig. 2. 

Tjrpical gTAMy, cattail, and ditch type of fairy shrimp habitats. 
(Photos by R. W; uexter.) 
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atures ranging from 0® to 22® C. The senior author (ibid.) found Eubranckipus 
serratus in Illinois to tolerate water temperatures up to 23® C. 

During night collecting it was discovered that £. vernalis is positively photo¬ 
tropic to the light of an ordinary flashlight, and that salamanders and leeches 
prey upon the fairy shrimps consuming large numbers- Greaser (1929) suggested 
that probably amphibians are important factors in controlling the numbers of fairy 
shrimps. Pearse (1913) and Mathias (1937) have listed the principle enemies of 
fairy shrimps to be tadpoles, frogs, salamanders, dytiscid, hydrophyllid, and 
gynnid beetles, phryganeid caddis larvae, and water birds. 

The winter of 1939-40 was cold and was followed by a late spring. The earliest 
record of metanauplii was taken on March 3; the earliest record of adults was taken 
on March 19. The latest collection was made on May 26. The winter of 1940-41 
was mild, and was followed by an early spring. The earliest record of metanaimlii 
was taken in mid-December; the first adults were collected on February 1. The 
latest collection was made on May 4. Several of the pools which had contained 
phyllopods were dried up by May 3 and 4, and all of the Portage Coimty pools no 
longer contained specimens. Several of the deeper Summit County pools contained 
small but rapidly diminishing numbers. As in the case of the Illinois populations 
studied by the senior writer, a second or late brood was detected in many of the 
pools after the first population had reached maturity. 

This study has demonstrated the same type of habitat and seasonal and geo¬ 
graphical distribution of E. vernalis in northeastern Ohio as reported for E. serraius 
in east central Illinois. It shows again the sporadic nature of anostracan 
phyllopod distribution, the direct relation of temperature to life history and life 
span, and the influence of weather on seasonal occurrence. 

The writers wish to thank Dr. M. S. Ferguson for a critical reading of the 
manuscript. 
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PRE-ILLINOIAN GLACIATION IN SOUTHEASTERN OHIO 

H. A. IRELAND 
New Philadelphiat Ohio 

This paper is not intended to prove pre*-Illinoian pladation in southeastern 
Ohio, but to present certain data that bear on the problem. These data, if taken 
with other Imown and published information, may eventually prove a greater 
extent of glaciation than heretofore recognized. Major purposes of the paper are 
to stimulate others to look for additional evidence and to encourage discussion. 

Many isolate^ glacial erratics in northern and eastern Kentucky, beycmd the 
Illinoian ice border, are generally recognized as evidence of pre-Illinoian glaciation. 
Two of the bounders are large. One at 720 feet elevation is estimated to weigh 
3 tons, and the oilier at 925 feet elevation is estimated to have weighed 16 tons 
before it was blasted into fragments (1). The smaller pebbles and cobbles weighed 
from a few ounces up to 3 pounds (2). They probably mark the southern extension 
of a pre-Hlinoian ice lobe, which occupied southern Ohio and northern Kentucky, 
the tentative boundary of which has been drawn by Jillson (2). 

In southeastern Ohio erratic boulders have bwn described by Patton and 
Hicks (3). Many large cobbles several inches in diameter have been found south¬ 
west of Cambrid^, Ohio, by C. H. Moses of Muskingum College at New Concord, 
and he continues to discover additional cobbles each year in the same area. 

The writer has observed and collected rounded and subangular cobbles and 
pebbles of local rock and a few foreign cobbles of rotted rock at elevations from 
about 1000 to 1040 feet elevation. These occur in many localities within the 
Muskingum Valley, as: 5 miles northwest of New Philadelphia, near Winfield, 
6 miles south of New Philadelphia, 10 miles east of New Philadelphia, and 10 miles 
north of Cambridge. The shape and composition of the rocks indicate that they 
have been transported, but examination of the sites excludes transportation by 
man. All erratics are at elevations too high to allow ice rafting as an explanation 
of their positions. 

No pre-Illinoian glacial till has been found in Ohio. It is to be expected that 
erosion during the long interval of time since the retreat of the first ice sheet would 
remove the early till. It is quite probable that such has been accomplished, 
leaving scattered erratics as remnants of the till. Old till, deeply leached, with a 
thickness of 35 feet is foimd in northern Kentucky south of Cmcinnati. 

High-level cobbles have been found at 990 and 1020 feet elevation near Chester. 
W. Va., by Prank Leverett (4) and Paul Kuegle. Leverett also found gravel at an 
elevation of 1020 feet east of Freedom, Pa. The writer visited both locations in 
company with Paul Kuegle and John Chase, and found additional samples. The 
granite pebbles are deeply decayed. The granite cobble, about 8 inches in diameter 
found near Chester by Leverett and Kuegle, has a deqp rind of weathering extend¬ 
ing over an inch inward from the outside surface. The elevation, location, and 
deep weathering of the cobbles indicate deposition during a pre-IUinoian glaciation. 
Leverett (4) Im described outwash deposits along the All^heny and upper Ohio 
Rivers as far south as Bellaire, Ohio, as due to a pre-Illinoian ice sheet. Drainage 
was across the col at New Martinsville, W. Va., but the former drainage was 
resumed after the ice sheet retreated. 

The cutting through of the major preglacial divide at Killbuck and Port 
Washington, and the reversal of northwar4 drainage are results of pre-IUinoian 
glaciation, and prove that this early ice sheet entered northeastern Ohio, It may 
very probably have extended far into southeastern Ohio as well. 

180 



No. 4 


GLACIATION IN SOUTHEA3TERN OHIO 


181 


It is suggested, therefore, for the purposes of discussion and for stimulation of 
a renewed search for evidence, that a pre*Illinoian ice front extended from eastern 
Kentucky in a northerly direction across eastern Ohio. This boundary would then 
unite with the boundary of pre-IlUnoian ice along the Allegheny River between 
Franklin and Warren in western Pennsylvania, as described by Leverett (4). 

Leverett gives the age of the pre-Illinoian till in western Pennsylvania as 
equivalent to the Jerseyan till of the eastern United States, which is generally 
correlated with the Nebraskan of the central United States. The pre-Illinoian ice 
sheet of Ohio was probably Nebraskan. 
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AN OBSERVED INFESTATION AND TREATMENT OF 
PSOROPTES CUNICULI IN THE EARS OF 
LABORATORY RABBITS 

JOHN HEFFELPINGER 
The Ohio State University 

From time to time laboratory rabbits have been observed to carry a parasitic 
infestation which produces a scabbing of the skin of the inner, proximal surfax% 
of the ear (Schwartz, 1928).^ 

An infested rabbit, which was being immunized against Salmonella pulhrum, 
called particular attention to its condition because of the symptoms produced. 
The animal exhibited convulsions and loss of equilibrium. It held its head on 
on^ side, with the more heavily infested ear down. 

Further investigation led to the recovery of a mite, which was tentatively 
identified as Psoroptes cuniculi. The parasite was present in large numbers in 
the heavily scabbed material in the outer ear, and to a lesser d^ree from the inner 
ear and semicircular panals. The brain, which was recovered from this animal, is 
beitu prepared for fuihiher study although no microscopic lesions were noticed. 

Treatment of the infestation before the inner ear is involved is very simple, 
consisting of swabbing the affected area with equal parts of 5% phenol and 
glycerol. The glycerol tends to soften the scaljs so that they can be easily removed, 
and the phenol penetrates far enough to kill any mites left on the skin. In the 
majori^ of cases, two or three applications over a period of as many da}^ have 
becm emcaciouB in removing the mites. 


‘Schwartz, 1938, U. S. Department o( Agricultuze, Partner’a Bulletin No. 1808. 



AN INVESTIGATION OF THE LINKAGE RELATIONSHIPS OP 
THE BLOOD GROUPS AND TYPES WITH HAND PATTERNS 

AND HANDEDNESS 

D. C. RIFE AND H. WARNER KLOEPFER, 

The Ohio State University 

The blood groups and the M and N agglutinogen reactions are unique among 
known human traits, in that their modes of inheritance are simple and clear, they 
remain constant ^throughout the life of the individual, and all the genes involved 
are comparativjely common in most populations. Such traits are ideal for linkage 
studies and they have probably been used for this purpose more frequently than 
any other human traits, (Finney, 3,4,5), (Penrose, 6,7), (Snyder, 10,11), (Weiner, 12). 

Dermatoglyphics arc similar to the blood reactions in that they remain constant 
throvighout the life of the individual, that they have a genetic basis, and that the 
majority of the genes involved appear to be comparatively common in most popula¬ 
tions, They differ from the blood reactions in that the number of genes involved 
and their reactions are not known, and that their expression is modified to a certain 
extent by circumstances in utero. All known dermatoglyphic features show some 
degree of intra-pair variation in identical twins, although these differences are 
much less frequent than those encountered within fraternal twins and sibs. (Rife, 8). 

Functional handedness is, of course, a much more subjective trait than either 
the blood reactions or dermatoglyphics. Presumptive evidence of autosomal 
linkage between handedness and palm pattern D in the fourth interdigital area 
has been found, (Rife, 8), and would seem to definitely indicate a genetic basis for 
handedness although the mode of its inheritance is not fully understood. 

The investigation reported here is concerned with tests for linkage of each of 
the blood reactions with handedness and hand patterns. The data were obtained 
from sibships within ten families of various sizes. Only unimanual handedness 
was considered, and classification was determined from the individuaFs testimony 
and by the performance of several operations, including throwing, sewing and 
driving a nail. Individuals performing one or more of these acts with the left 
hand were classed as left-handed, only those performing all one-handed operations 
with the right hand being classed as right-handers. 

Five dermatoglyphic features are included in the tests. Figures 1, 2, and 3 
show the appearance of each of the areas concerned. Palm patterns may be 
whorls, loops or vestigials. An area is considered patternless when all or the 
ridges run through to the margin of the palm (see Figs. 1 and 2). If Line C recurves 
to the margin of the palm between the trir^ii at the bases of the ring and little 
fingers, a loop is formed on the fourth interdigital area, if it recurves in the other 
direction, emergi^ between the triradii of the middle and ring fingers, a loop is 
formed on the third interdigital area. Main Line C is sometimes absent or abortive 
in one or both hands of an individual which accounts for the lower number of 
pairs recorded for Line C in Tables I and II. Whorls on finger-tips always have 
two triradii, loops one and arches none. As arches are comparatively infrequent, 
individuals are classed as to the number of whorls present, which varies from 
zero to ten. 

Individuals are clas^ in three groups in respect to Line C, those forming 
patterns on the fourth-interdigitals of both hands, the third inteidigitals of both 
hands, and the fourth interd^ital on one hand and the third inteidigital of the 
other. For the hypothenar, thenar and fourth interdigital Pattern D, individuals 
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are classed as to presence or absence. Those having patterns on either or both 
are placed in the same category, as presence. 

Within recent years several methods have been devised for detecting linkage 
in man, notably those of Weiner (12), Burks (1), Penrose (6, 7), Haldane (2), and 
Finney (3, 4. 5). The methods of Haldane and Finney can be applied only where 
we know the specific modes of inheritance of the traits concerned, and obviously 


are of no value in testing dermatoglyphics 



Fig. 1. Print of left palm. H indicates 
hypothenar area, T—thenar area, II—second 
interdigital area, III—third interdigital area. 
IV—fourth interdigital area, C—main line C. 
This palm shows a vestigial thenar pattern, a 
loop in the third interdigital area formed by 
main line C, and an accessory triradius in the 
fourth interdigital area, resulting in a D 
pattern. No patterns are present in the 
hypothenear and second interdigital areas. 


and handedness. 



Fig. 2. Print of a right palm. No patterns 
are present on the thenar, second and fourth 
interdigital areas. Mam line C fonns a loop 
in the third interdigital area, and an ulnar 
loop IS present on the hypothenar area. 



a b c 


Figure 3, Types of finger patterns, a—arch, b—loop, c— 
whorl. Arches are characterized by the absence of tnradii, 
loops have one, and whorls three. Both whorls and loops occur 
on palm pattern areas, loops being the most abundant pattern 
type m both fingers and palms. 

Our tests are based upon the paired sib technique of Burks and Penrose, in 
which pairs are grouped into four classes; those ^ike in both traits, ttose alike 
in the first and unlike in the second, those alike in the second and unlike in the 
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first, and those unlike in both traits. These are arranged in a 2 x 2 table, those 
alike in both and unlike in both forming one diagonal, and the two groups alike 
on one and unlike in the other trait forming the other diagonal. A modification 
was necessary in testing for linkage between whorls and the blood reaction, as 
whorls are quantitative. Pairs al&e in blood reaction (Column 1, Table I) are 
classed as to number of intra-pair difference in whorls, (Column 2), as are pairs 
unlike in blood reaction (Columns 3 and 4). If pairs unlike in blood rea^ioa 
show significantly greater intra-paif differences in whorls than do pairs aUke in 
blood, it may be considered presumptive evidence of linl^e. 

Ix^ectton ctf Tables I and II reveal only one significant Chi-square value, 
that of whorl frequency and the blood groups. However, pattern D and the M 
and N types show a Chi-square value of 3.44, only slightly below a significant level. 

We have consequently tested whorls versus bkx>d groups, and pattern D 
versui the M and N types by means of Penrose's technique for graded diaracters. 

TABLE I 



Alike 
in both 
traits 

Alike in 
blood, 
different 
another 
traits 

Unlike 
in blood, 
alike in 
other 
traits 

Uidike 
in both 
traits 

Total 

pain 

x« 


1 

2 

3 

4 

BS 


Hypo thenar— 
Thenar. 

25 

61 

45 

22 


0.52 
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42 

63 

18 

250 

1 50 

Line C. 

37 

54 

16 

22 

122 

0 02 

Pattern D. . . 

121 

53 

45 

81 

200 

2 50 

Whorls. 

167 

318 

76 

207 

768 

4.76 

Handedness... 

307 

47 

67 

29 

200 

0.01 


The above table shows the stanbers of each of the various combinations of sib pairs used 
in testing for linkage between the blood groups and the various hand patterns and handedness. 
Chi-square values obtained are shown in the last coltunn. Any X* value below 8.841 is not 
considered significant. Whprls differ from the other traits in the above classification, in that 
Column 1 gives the total number of pairs alike in blood group, Column 2 the total intrapair 
differences of those alike in blood, Column 8 the total number of pairs unlike in blood group, 
and Column 4 the total intrapair differences of those unlike in blood. 

TABLE II 



Alike 
in both 
traits 

Alike in 
blood, 
unlike in 
other 
trait 

Ufilike 
in blood, 
alike in 
other 
trait 

Unlike 
in both 
traits 

Total 

pain 

X* 


1 

2 

8 

4 

BHi 


Hypothenar.... 
Thenar. 

27 1 

77 

47 

81 


0.44 

133 

41 

66 

12 


2.17 

LineC.! 

40 

52 

20 

22 


0.68 

Pattern D ... 

119 

56 

43 

84 


3.44 

Whorls. 

165 

482 

80 

204 


0.07 

Handedness,... i 

108 

45 

67 

32 

252 

0.24 


Data used for testing linkage between M and N blood types and hand patterns and handed¬ 
ness. Whorls are classed as in Table II. 
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While there is no evidence of linka^ for Line C and the blood reactions on the 
basis of the tests shown in Tables 1 and II i the fact that there are three classes 
of individuals in regard to Line C may raise some question as to the validity of 
that particular test. Thus, it was thought advisable to obtain a further check 
by the method for graded characters. 

Table III shows no significant association for any of the traits compared. 
It seems justifiable on the basis of this study to conclude, therefore, that genes 
determining the blood reactions are probably located on different chromosomes 
from those determining handedness and hand patterns. 

TABLE III 



* 

<r 

A 

<r 

Whorls vs. Antigen A. 

.01 

.24 

0.08 

Whorls vs. Antigen B..... 

.04 

.24 

0.17 

Pattern D vs. Antigen MN. 

.44 

.246 

1.79 

Line C vi. Antigen A... 

.09 

,27 

0.30 

Line C vs. Antigen B. 

.71 

.47 

1.69 

Line C vs. Antigens MN... 

.08 

.26 

0.30 



Values obtained in testing for linkage between the above traits by the Penrose method for 
graded characters. If — is less than two, the evidence for linkage is negative. 
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Nlcholaa Copemicua, Aatronomer 

On May 24, 1543, Nidiolas Copmicas died. To stimulate interest in the preparation of 
programs end meetings commemorative of the quadricentennial of his death and provocative 
of mought over the period^ which he lived, a brochure has been published by the Kosciussko 
Povuadation. This period was that in which modem scientific thinking first began to assert 
itself. Tbs brtxiiure is not merriy an advcrtisiiw medium, however. It is entirely worthy 
of consideration as an addition to one’s library of truly authoritative and informative books. 
The story of Copernicus' Ufe, his close relatives, the derivation of his name, and the si^ficance 
of the Copemican Solar System concept which is generally accepted today the world over are 
interestingly and coiudsriy presented. The exoell^t cover desi^ in color is by the famous 
Polish miniaturist, Arthur Ssyk. It depicts Copernicus among his most important inventions. 
Separate prints of the cover design on heavy paper suitable for framing are available at $1.00 
each .—EUm F. Paddock. 

HltthdlM CepemlettSt by Stephen P. Miswa, A.M., LL*D. 88 pp. with 23 illustrations 
and colored cover design. The fCosduszko Foundation, New York, 1043. 75 cents paper 
bcmnd, $2.50 special bound and numbered. 
















ADDITIONS TO THE REVISED CATALOGUE OF OHIO 
VASCULAR PLANTS. XL‘ 


CLYDE H. JONES 
The Ohio State University 

Today the modem herbarium is playing an increasingly important part in 
the war effort. Many of our former sources of imports have b^n restricted or 
comple]fcely denied to us, and many of our native products have been depleted by 
vast expoits. The botanist, therefore, is called upon more and more to aid in the 
Search not only fot new sources of materials but, also, for material from which 
synthetics can be manufactured. 

It is a well-known fact that Germany has made such rapid strides in the field 
of synthetic vitamins that an internal collapse of that country due to vitamin 
starvation is a remote possibility. In many instances these advances have used 
basic discoveries made in the United States but never utilized here. The use of 
synthetic vitamins, however, has not yet proved entirely satisfactory. Conse¬ 
quently, the search for new and better sources of these important substances gains 
impetus. Achievements in this field can, in niimerous cases, be traced directly 
or indirectly to botanists who have given freely of their knowledge of plants, their 
distribution, and their habitat requirements. 

Amply supporting the preceding statement is a report submitted by the Soviet 
Scientists Antifascist Committee.® Research by the Soviet scientists in this 
field has ranged from the discovery of important vitamin C sources in wild rose 
hips, green walnut hulls, and pine needles to the publication of illustrated pamphlets 
dealing with wild-growing edible plants which raiding troops and guerillas might 
find behind enemy lines. 

America is no longer complacent in respect to the field of new materials or that 
of synthetics. Herbariums throughout the country are receiving thousands of 
requests for information and specimens from investigators in the fields of medicine, 
chemistry, dietetics, a^culture, and manufacturing. For obvious reasons, detailed 
publicity cannot be given to this research at the present time. 

To a major degree, credit must be ^ven to the professional and amateur plant 
collectors for making such information available. Although they have been 
confronted with additional travel and employment regulations during the past 
year, these restrictions were not entirely without compensations. Many collectors 
who heretofore traveled throughout the State in search of rare plants have been 
forced to concentrate their efforts nearer home, with the result that many of these 
areas have yielded a wealth of hitherto overlooked species. 

The following list of plants represents a majority of the new county and state 
records which have been added to the State Herbarium during the past 3rear. 

6. BoirycUum ohliq^um MuhL Oblique Grape^rn. New Franklin, Stark Co. Don 
M. Brown. 

27.1. Asplemum bradleyi D. C. Eaton. Bradley’s Spleenwort. Jacob's Ladder, Fairfield 
Co. Clyde H. Jones. 

61. Equisetum arvense L. Field Horsetail. Thom Twp., Perry Co. Floyd and Elizabeth 
Clum. 

126. angusiifoHa L. Broad-leaf Cat-tail. Lawrence Twp., Stark Co, Don M. 

Brown. 

167.1. Eleocharis tmmis (Willd.) Schultes var, verrucosum Sv. Higby Prairie, Ross Co. 
Floyd Bartley. 

170. Cyperus fUiculmis Vah. Slender Cyperus. Oneida, Carroll Co. Don M, Brown. 


^Papers from the Department of Botany, The Ohio State University, No. 466. 
*The Work of the Soviet Botanists. Science, VoL 97, No. 262Q. 1943. 
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175. Cyperus erythrorhizos Muhl. Red-rooted CyperuB. Jackson Lake, Jackson Co. Floyd 
Bartley. 

218. Carsx canescms L. Silvety Sedge. Yok Farm, Stark Co. Don M. Brown. 

229. Catex tribuloides Wadil. Blunt Broom Sedge. Jefferson Twp., Clinton Co. E. E. 
Terrell, Jr. 

280. Carex cristalella Britt. Crested Sedge. Paris Twp., Stark Co. Don M. Brown. 

234. Carzx nornuUis Mack. Larger Straw Sedge. New Franklin, Stark Co. Don M. 
Brown. 

276. Carex granularis Muhl. Meadow Sedge. Yok Farm, Stark Co. Don M. Brown. 

299. Carex impressa (Wright) Mack. Wright’s Sedge. Morral, Marion Co. Don M. 

Brown. 

300. Carex lanuginosa Mx. Woolly Sedge. Morral, Marion Co. Don M. Brown. 

326. Arundinarta gigantea (Walt.) Chapm. Cane. Batavia, Clermont Co. M. B. Traut- 
man via Edward S. Thomas. 

341. Festuca rubra L. Red Fescue-grass. Paxton Twp., Ross Co. Floyd Bartley. 

362. Poa pratensis L. Kentucky Blue-grass. Morral, Marion Co. Don M. Brown. 

400. CalamagrosHs canadensis (Mx.) heauv. Bluejoint Reed Bentgrass. Marion Co. Clyde 
H. Jones. 

409. Cinna arundtnacea L. Wood Reed-grass. Stark Co. Don M. Brown. 

409.1. Cinna laltfolta (Trevir.) Griseb. Slender Wood Reed-grass. Ross Co Gordon S. 

Crowl. 

416. Phleum pratense L, Timothy. Fairfield Co. Charles R. Goslin. 

417. Muhlenbergia mexicana (L.) Tnn. Mexican Muhlenbergia. Columbiana Co Don M. 

Brown. 

419. Muhlenbergia umbrosa Scribn. Wood Muhlenbergia. Ross Co. Gordon S. Crowl, 

421. Muhlenbergia schreberx Gmel. Spreading Muhlenbergia. Stark Co. Don M. Brown. 

Ross Co. Gordon S. Crowl, 

422. Brachyelylrunt erectum (Schreb.) Beauv. Brachyelytrum. Vernon Twp., Clinton Co. 

E. E. Terrell, Jr. 

423. Milium effusum L. Tall Millet-grass. Pleasant Twp., Fairfield Co. Charles R. 

Goslin. 

427. Ansttda dichotontaMK. PoverW-graas. Hocking Co. Don M. Brown. 

428. Arislida gractlts E\\. Slender Tnple-awned-grass. Guernsey Co. Emma E. Laughlm. 
438, Loltum muUiflorum Lam. Awned!^ Darnel. Ross Co. Gordon S. Crowl. 

438.1. Agropyron cnsiaium (L.) Beauv. Crested Wheat-grass. Franklin Co. Glenn W. 

Blaydes. Introduced. ^ 

442. Triticum aestivum L. Wheat. Y. M, C. A. Camp, Lake Co. Don M. Brown 
444. Elymus vtrgimcus L. Virginia Wild-rye. Canal Fulton, Stark Co. Don M. Brown 

446, Bl^us canadensis L. Nodding Wild-rye. Y. M. C. A. Camp, Lake Co. Don M. 

Brown. 

447, Elymus slrtalus Willd. Slender Wild-rye. Clinton and Hamilton Co. E. E. Terrell, Jr. 

448. liystrix hystrix (L.) Millsp. Bottle-brush-grass. Wood Co. R. E. Shanks. Berne 

Twp., Fairfield Co. Charles R. Goslin. 

449. Hordeum vulgare L, Common Barley. Wood’s Cottage, Stark Co Don M. Brown. 
463. SparUna micHauxiana Hichc. Tall Slough-grass. Canal Fulton, Stark Co. Don M. 

Brown. Tuscarawas Co. L. E, Hicks and Edward S. Thomas. 

460. Homalocenchrus virginicus (Willd.) Bntt. Virginia Cut-grass. Hocking Co. Don M. 

Brown. 

461. Homalocenchrus orynoides (L.) Poll. Rice Cut-grass. Wood Co. R. E. Shanks. 

Rosa Co. Gordon S. Crowl. 

463. Zizania aquatica L. Wild Rice. Lawrence Twp., Stark Co. Don M. Brown. 

467. Panicum dichotomiftorum Mx. Spreading Panic-grass. Pike Co. Gordon S. Crowl. 
^ Stark Co. Don M. Brown. 

471. Panicum cqpillare L. Tumble Panic-grass. Ross Co, Gordon S. Crowl. 

483. Pmiicum polyanthes Schultes. Many-flowered Panic-grass. Jefferson Twp., Clinton 
Co. E. E. Terrell, Jr, 

486. Panicum microcqrponMvihl. Small-fruited Panic-grass. Vernon Twp., Clinton Co. 
E. E. Terrell^Jr. 

497, Pmicum latifotium L. Broad-leaf Panic-grass. Yok Farm, Stark Co. Don M. Brown. 
606. Paspalum circuiare Nash. Round-fruited Paspalum. Vernon Twp., Clinton Co. 
E, E, TerreU, Jr. 

^ 614, Holcus haUpoHsis L, Johnson-grass, Verflon Twp., Clinton Co. E, E. Terrell, Jr. 
627. LiUum camadense L. Canadian Lily. Gallia Co, Clyde H. Jones. 

627.1. Lilium michiganense Farwell. Michigan Lily. Marion Co. Clyde H. Jones, 

630. Etythronium americanum Kcr. Yellow Dog-tooth Lily. Perry Co* Floyd and 
Elizabeth Clum. 

638. AUium cmadense L. Meadow Garlic. Morral, Marion Co. Don M. Brown. Oxford, 
Butler Co, Clarence F. Clark. 



188 


CLYDE a. JONES 


Vol XLIII 


541. Quamasia hyacinihino (Raf.) Britt* Wild Hyacinth* Rushcreek Twp., Fairfield Co. 
Charles R. 

550. Trillium erutum L. llFscented Trilluun* Monroe Co. Clyde H. Jones* 

557. TrilUum cemutm L. Noddi^ Trillium. Butler Co. Clarence P, Clark. 

503. Uvularia sessilifolia L. Sessile^leaf Bellwort. Portage Co. Clyde H. Jones. 

509. Pojy^onaium comtMUaium (R. & S.) Dietr. Smooth Solomon’s-seal. Oxford, Butler 
Co. Clajrence F. Clark. 

571. Vagnsra racemasa (L.) Mor. Panicled Solomon's-seal. Monroe Co. Clyde H. Jones. 

572. V^era stellata (L.) Mor. Stellate Solomon’s-seal. Richland Twp., Clinton Co. 

B. E. Terrell, Jr. ^ 

574, Un^alium C€mad&nse (Desf.) Greene. False LUy-^^the-valley. Portage Co. Clyde 

H. Jones. 

575. Asparagus officinalis L. Asparagus. Oxford, Butler Co. Clarence F. Clark. 

587, TradoscanUa roflexa Raf. Reflexed Spiderwort. Jasper Twp., Fayette Co. E. E. 

Terrell* Jr. 

000. Juncus bfmycarpus Engelm. Shortdruited Rush. Vernon Twp., Clinton Co. £. E. 
Terrell, Jr. 

606. Juncus acummalus Mx. Sharpdruited Rush. Jefferson Twp., Clinton Co. £. E. 

Terrell, Jr. 

620. Dioscorea vtUosa L. Wild Yam. Mahon Co. Clyde H. Jones. 

661. Limodorum tuberosum L. Limodorum. Thorn Twp., Perry Co* Floyd and Elizabeth 
Chtm. 

604. Pogonia opkioglossoides (L.) Ker. Rose Pogonia. Thom Twp., Perry Co. Floyd and 

Elizabeth Clum. 

671. CoraUorthUa coraliorrhiaa (L.) Karst. Early Corahroot. Fnmklin Co. Jane Roller. 
680. Asimina triloba (L.) Dunal. Pa^w. Thom Twp., Perry Co. Floyd and Elizabeth 
Clum. Butler Co. Clarence F. Clark. 

685. Ranunculus pennsyloamicus L. f. Bristly Buttercup. Canal Fulton, Stark Co. Don 
M. Brown. 

600. Ranunculus kispidus Mx. Hispid Buttercup. Thom Twp., Perry Co. Floyd and 
Elizabeth Chim. 

706. Delphimum tricorne Mx. Dwarf Larkspur. Chester Twp., Clinton Co. E. E, TerrelL 
Jr. Monroe and Belmont Co. Clyoe H. Jones. 

713. Anemone ^^imquefolia L. Wind-flower. Thom Twp., Perry Co. Floyd and Elizabeth 
Clum. 

719. Caltha palustris L, Marsh-mangold. Adams Twp., Clinton Co. £. E. Terrell, Jr. 

720. Hydrastis canadensis L. Golden-seal. Wood*s Cottage, Stark Co. Don M. Brown. 
737. Podophyllum peliaium L. May-imle. Athens, Athens Co. Warren Abbott. Clinton 

Twp., Wayne Co. E. P, MacArthur. 

746. Papaver dubium L. Com Poppy. Marion Co. Don M. Brown. 

751. Jl/oc/eya cordoba (Willd.) R. Br. Plume-poppy. Praiflclin Co. L. E* Hicks. Cultivated. 

752. Slylophorum diphyllum (Mx.) Nutt. Yellow Celandine-poppy. Pike Co. Gordon S. 

Crowl. 

754. Bicuculla cucullaria (L.) Millsp. DutchmanVbreeches. Pike Co. Gordon S. CrowU 
Marion Twp., Hocking Co. Charles R. Goslin. 

759. Capnoides p^lum (RaT) Ktz. Pale Corydalis. Adams Twp., Clinton Co. E. E. 
Terrell, Jr, 

766. Draha vema L. Vernal Whitlow-grass. Pike Co. Gordon S. Crowl. Athens Co. 

Warren Abbott. Thom Twp., Peny Co. Floyd and Elizabeth Clum. 

766. Draha cuneifolia Nutt. Wedge-leaf Whitlow-«ass. Pike Co. Floyd Bartley. 

770. Cdf»s/ino microcarpa Andrz. Small-fruited Falsc-flax. Jasper Twp., Fayette Co. 

E, E. Terrell, Jr. Franklin Co. Don M. Brown, 

771. Bursa bursa-pasioris (L.) Britt. Shepherd's-purse. Thom Twp., Perry Co. Floyd 

and Elizabeth Clum. 

773. Armoracia armoracia (L.) Britt. Horseradish. Tillerman Bog, Greenville, Darke Co. 
Dale W. Jenkins. 

777. Radicula palustris (L.) Mocnch. Marsh Yellow-cress. Wood Co. R. E. Shanks. 

Morral, Marion Co. Don M. Brown. 

778. Ra^cula syloestris (L.) Druce. Creeping Yellow-cress. Clinton Co. E. E. TerrelU 

Jr. Canal Fulton, Stark Co. DonM. Brown. 

780. Tklaspi arvense L. Field Pcnny-crcss. Tillerman Bog, Greenville* Darke Co. Dale 
W. Jenkins. 

789, AUiaria alliaria Britt. Garlic-mustard. Clinton Co. E, E. Terrell, Jr. Painesville*. 

Lake Co. Fred J. Tyler and H. C. Beardsley. 

790. Soph%a pinnata (Walt.) Howell. Pinnate Tansy-mustard. Jasper Twp,, Fayette Co, 

E, E* Terrell, Jr. 

797. Norta altissima (L.) Britt. Tall Hedge-mustard. Morral, Marion Co. Don M. 
Brown. 
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802. Barbarea barlx^rea (L.) MacM. Yellow Winter^cress. Athens, Athens Co. Warren 
Abbott. 

808. Barbarea stricla Andrz. Erect Winter-cress. Butler Co. Clarence F. Clark. Thom 
Twp.p Perry Co. Floyd and Elizabeth Clum. 

806. lodoHihus pwnatMus (Mx.) Steud. Puiple Rocket. Ross Co. Gordon S. Crowl. 

810. Arabis laevigala (Muhl.) Poir. Smooth Kock-grass. Ross Co. Gordon S. Crowl. 

828. Dentaria muUiftda Muhl. Multihd Toothwort. Bishopville, Morgan Co. Betty 

Williams via Walter P, Porter. 

845. Cleoma spinosa L. Spider*flower. Greenfield Twp., Fairfield Co. R. J. Goslin and 
J. L. Goslin. 

868. Lenum viriinianum L. Viminia Flax. Perry, Lake Co. Fred J. Tyler. 

878. Impatieus biflora Walt, lotted Touch-me-not. Cecil, Paulding Co. Clarence P. 
Clark. 

882. Polygala viridescens L. Purple Milkwort. Jefferson Twp., Clinton Co. E. E. 

Terrell, Jr. 

902. Tilhymalus commuUUus (Engelm.) Kl. & Garcke. Tinted Spurge. Ash Cave, Hocking 
Co. Jane Roller, 

986. ff^ericutn ascyron L. Great St. John’s-wort. Canal Fulton, Stark Co. Don M. 
Brown. 

948. ffypericum drummondii (Grev. & Hook.) T. & G. Drummond’s St. John’s-wort. Jeffer¬ 
son Twp., Clinton Co. E. E. Terrell, Jr. 

968. Viola coHodensis L. Canada Violet. Monroe Co. Clyde H. Jones. 

964. Viola eriocarpa Schw. Smooth Yellow Violet. Woocl’s Cottage, Stark Co. Don M. 
Brown. 

966. Viola haslala Mx. Halberd-leaf Yellow Violet. Canal Fulton, Stark Co. Don M. 

Brown. 

967. Viola slriala Ait. Str4)ed Violet. Canton, Stark Co. Don M. Brown. 

971. Viola raftnesquii Greene. Wild Pansy. Wayne T^., Warren Co. E. E. Terrell, Jr. 
981. Viola sororia Willd. Wooly Blue Violet. Adams Twp., Clinton Co. E. E. Terrell, Jr. 

1004. Ahine grammea (L.) Britt. Lesser Stitchwort. Canton, Stark Co. Don M. Brown. 

1015. Lychnis alba Mill. White Lychnis. Newton, Hamilton Co. E. E. Terrell, Jr. 

1025. SUme reiia Sims. Royal Catchfly. Urbana, Salem, Twp., Champaign Co. Jane 

Roller. 

1088. Claytonia virginka L. Spring-beauty. Thom Twp., Perry Co. Floyd and Elizabeth 
Clum. . 

1060. Chenopodium album L. Lamb’s-quarter. Hocking Twp., Fairfield Co. Charles R. 
GkMlin. 

1063. CAsnopodiam vuloaria L. Fetid Goosefoot. Franklin Co. Robert Kavanagh. Intro¬ 

duced. 

1080. Steironema cilialum (L.) Raf, Fringed Yellow Loosestrife. Marion Co. Clyde H. 
Jones. 

1104. Ttniaria conpoloulus (L.) Webb. & Moq. Black Bindweed. Ross Co. Floyd Bartley. 

1106. Tiniaria dumelofum (L.) Opiz. Copse False Buckwheat. Sippo Lake, Stark Co. 

Don M. Brown. 

1118. Persicaria muhlenbergii (Wats.) Small. Swamp Persicaria. Liberty Twp., Clinton Co, 
E. E. Terrell, Jr. 

1130. Geum virginianum L. Rough Avens. Marion Co. Clyde H. Jones. 

1135. Potentilla monspeliensis L. Rough Cinquefoil. Y. W. C. A. Camp, Lake Co, Don M. 

Brown. 

1136. Poteniilla recta L. X^right Cinquefoil. Newton, Hamilton Co. £. £. Terrell, Jr. 

1146. virginiana Duen. Virginia Strawberry. Oxford, Butler Co. Clarence F. 

llhb. Spiraea alba Du Roi. Narrow-leaf Spiraea, Marion Co. Clyde H. Jones. 

1205. Aronia rnelamocarpa (Mx.) Britt. Black Chokeberry. Clinton Twp., Wayne Co. 

E. P. MacArthur. 

1207. Amidanckier smintnea (Pursh.) DC. Roundleaf Juneberry. Lucas Co. Edward S. 
Thomas. 

1206. Crataegus crus-galli L. Cockspmr Hawthorn. Berne Twp., Fairfield Co. William 

Goslin. 

1212. Craiaepis calpodendron (Ehrh.) Medic. Pear Hawthorn. Geauga Co. Harry Crofoot 
and F^d J. Tyler. 

t217. Cr^Uaegus stramsnea Beadle. Allegheny Hawthorn. Deercreek Twp.. Pickaway Co. 
Floyd Bartley and Leslie L. Pontius. 

1217.1. Cralaegyss bmmalis Ashe. Geauga Co. Harry Crofoot aqd Fred J. Tyler. 

1219.1. Crataegus populnea Ashe. Gruber's Hawth^. Lake and Ashtabula Co. Fred J. 

Tyler, 

1222. Crataepss pru^mosa (Wendl.) Koch. Waxy;;fruited Hawthorn. Portage Co. Harry 
Crofobt and Fred j. Tyler. 
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1228.1. Crai€tegu5 milleri Sarg. Miller's Hawthorn. Ashtabula, Lake Co. Fred J. Tyler and 

Harry Crofoot. 

1228.3. CraUuiUs kellermanntt Sarg. Kellerman's Hawthorn. Lake Co. Harry Crofoot and 

Pred J. Tyler. 

1228.4. Crataegus dMcta Franklin Co. Fred J. Tyler. 

1228.5. Crataegus latisepala Ashe. Lake Co. Fred J. Tyler. 

1281. Cercis canadensis L. Redbud. Fairfield Co. william Goslin. 

1232. Gleddista triacanihos L. Honey-locust. Fairfield Co. William Goslin. 

1234. Cassia marilandtca L. Wild Senna« Canal Fulton, Stark Co. Don M. Brown. 

1239. Cassia leucantha T. & G. Large White Wild-indigo. Marion Co. Clyde H, Jones. 

1240. Baptisia Hnctoria (L.) R. Br. Yellow Wild-indigo. Henry Co. R. E. Shanks. 

1246. 'Me^cago lupuUna L. Hop Medic, Add for Fairfield, Hocking, Jackson, and Lake Co. 

1248. Trifolium agrarium L. Yellow Hop Clover. Ross Co. Don M. Brown. Remove 

records fo^ Morgan and Sandusky Co. 

1249. Trifahum procumbtns L. Low Hop Clover. Union Twp., Logan Co, A. G. Welshtmer. 

Add for Morgan Co. Remove records for Van Wert, Lucas, and Geauga Co. 

1250. Tr^ohum dubium Sibth. Least Hop Clover. Hocking Twp., Fairfield Co. Charles 

R. Goslin. Add for Coshocton, Hocking, and Tackson Co, 

1261 Cracca vtrgtniana L. Virginia Goat’s-rue. Wood Co. R. E. Shanks. 

1262. Robima pseudo-acacia L. Common Locust. Fairfield Co. William Goslin. 

1264. Kobfnta kisptda L. Rose Acacia. Laurel Twp., Hockii^ Co. Charles R. Goslin. 

1260. Psoralea onobrychts Nutt. Sainfoin Psoralea. Marion Co Clyde H. Jones. 

1273 Meibomia canescens (L.) Kuntze. Hoary Tick-trefoil. Wood Co. K. E. Shanks. 
Pike Co. Gordon S, Crowl, 

1274. Meibomia bracteosa (Mx.) Ktz, Large-bracted Tick-trefoil, Adams Co. A. R. 

Harper, Gordon S. Crowl, and Edward S. Thomas. 

1276. Meibomia michauxh Vail. Prostrate Tick-trefoil, Pike and Ross Co. Gordon S. 

Crowl. Hamson Twp., Henry Co. R. E. Shanks. 

1280. Meibomia canadensis (L.) Ktz. Canadian Tick-trefoil. Canal Fulton, Stark Co. 

Don M. Brown. Fairfield Co. Charles R. Goslin. 

1301. Vicia vtllosa Roth. Winter Vetch. Ripley, Brown Co. E. E. Terrell, Jr. 

1313. Lathyrus tuberosus L. Tuber-bearing Pea. Highland Co. K. A. Shutts via C. J. 

Willard. 

1385. Tiarella cordifolta L. False Miterwort. Portage Co. Clyde H. Jones. 

1346. Lythrum alatum Pursh. Wing-angled Loosestrife. Scioto Co. Charles B. Wing. 

1367. Euonymus atropurpureus Jacq. Wahoo. Belmont Co. Clyde H. Jones. 

1370. Euonymus obovatus Nutt. Running Strawberry-bush. Oxford, Butler Co, Clarence 

1379. glabra Willd. Ohio Buckeye. Thom Twp., Periy Co. Floyd and Elizabeth Clum. 

1382.1 Acer ginnala Maxim. Ginnala's Maple. Lake Co. Harry Crofdot and Fred J. Tyler. 
Escaped. 

1338, Mittlla diphylla L. Two-leaf Bishop’s-cap. Portage Co. Clyde H. Jones. 

1410, Urticasirum dtvartcatum (L.) Ktz. Wood-nettle. New Franklin, Stark Co. Don M. 
Brown, 

1431. Quercus coccinea Wang. Scarlet Oak. Geauga, Cuyahoga, and Henry Co. Ralph 

M. Knebel. 

1431.1. Quercus ellipsoidalis E. J. Hill. Hill's Oak. Lucas, Henry, and Fulton Co. Ralph 

M. Kriebel. 

1431.2. Quercus coccinea Muench. var. tubercuiata Sarg. Lucas Co. Ralph M. Kriebel. This 

variety was first reported for Ohio from Rush Twp., Scioto County by Conrad Roth 
in 1942, but due to an error in numbering appeared in the 1942 '^Additions" as 
No. 1431.1. 

1432. Quercus borealis var. maxima (Marsh.) Ashe. Northern Red Oak. Lucas Co. Ralph 

M. Kriebel. 

1432.3. Quercus shumardii Buckley. Shumard's Oak. Ottawa, Lorain, and Lucas Co. Ralph 

M. Kriebel. 

1432.4. Quercus shumardii var. schneckii (Britt.) Sarg. Schenck's Oak. Ottawa and Lorain 

Co. Ralph M. Kriebel. 

1501.1. Epilohium hirsulum L. Great Hairy Willow-herb. Perry. Lake Co, Harry Crofoot. 
1512. Kneiffia fruHcosa (L.) Raim. Common Sundrops. Morral, Marion Co. Don M. 
Brown. 

1568. Polycodium stamineum (L.) Greene. Deerberry. Pike Co. Gordon S. Crowl. 

1659. Vaccinium corymbosum L. Tall Blueberry. Stark' Co, Don M. Brown. 

1661. Vaccinium vacillans Low Blueberry. Henry Co. R. E. Shanks. 

1666. Oxycoccus macrocarpus (Ait.) Pursh. Large Cranberry. Ashland Co. Edward S. 
Thomas. 

1668. Diospyros virginiana L. Persimmon. Lawrence Co. M. T. Vermillion. Franklin 
Co. L. E. Hicks. 
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1571. Polemonium replans h. Greek Valerian. AthenR, Athens Co. Warren Abbott. Laurel 
Twp., Hocking Co. Charles Goslin. Butler Co. Clarence F. Clark. 

1678. Pklox ptlosa L. Downy Phlox. Holmes Co. E. P. MacArthur. 

1579. Phlox divaricaia L. Wild Blue Phlox. Holmes Co. E. P. MacArthur. Pike Co. 

Gordon S. Crowl. Athens, Athens Co. Warren Abbott. Perry Co. Floyd and 
Elizabeth Clum. 

1582, Phlox subulaia var. cilxata Wherry. Northern Ground Phlox. Holmes Co. E. P. 

MacArthur. 

15S2a. Phlox subulaia var. australis Wherry. Southern Ground Phlox. York Twp., Athens 
Co. Warren Abbott. 

1583. Ipomoea purpurea {li,)'Lara, Common Morning-glory. Fairfield Co. William Goslin. 

1684. rpomoea hederacea jacq. Ivy-leaf Morning-glory, Fayette Co. Fred H. Norris, 
1688. Convolvulus arvensts L- Field Bindweed. Salem Twp., Meigs Co. Clyde H. Jones. 

1690. Convolvulus septum L. Hedge Bindweed, Clay Twp., Perry Co. Charles Reutmger. 

New Fronklm, Stark Co. and Y. W. C. A, Camp, Lake Co. D. M. Brown. 

1692. Convolvulus fralerntfiorus Mack. & Bush. Short-stalked Bindweed. Pike Co. Gordon 

S. Crowl. 

1697. Cuscuta polygonorum Engelm, Smartweed Dodder. Berne Twp., Fairfield Co. 

Charles R. Goslin. Belmont Co. Emma E. Laugblin. 

1601. Cuscuta gronovii Willd. Gronovius’ Dodder. Canal Fulton, Stark Co. Don M Brown. 
1614. Chtonanihus virgtnica L. Fringe-tree. Adams Co. A. R. Harper. 

1618. Fraxtnus lance^ta’Rotv^^, Green Ash. Marion Co CWde H. Jones. 

1636. Apocynum androsaemifolium L. Spreading Dogbane, Salem Twp., Champaign Co. 
Jane Roller. 

1653. Asclepias quadrifolia Jacq. Fourleaf Milkweed. Vernon Twp., Clinton Co. E. E. 
Terrell, Jr. 

1669. Phvsalis virgtntana Mill. Virginia Ground-cher^. Canal Fulton, Stark Co. Don M. 
Brown. Salem Twp,, Champaign Co. Jane Roller. 

1693. Chelone montana var. elaitor (Raf.) P. & W. Mountain Turtle-head. Pike Co. Floyd 

Bartley. 

1696. ColUnsia verna Nutt. Blue-eyed-Mary. Monroe Co. Clyde H. Jones, 

1699. Leucospora multifida (Mx.) Penn. Leucospora. Vernon Twp., Clinton Co. E. E. 
Terrell, Jr. 

1719, Veronica chamaedrys L. Bird's-eye Speedwell. Ink Park, Canton, Stark Co. Don 

M. Brown. 

1726. Veronica serpylltfolia L. Thyme-leaf Speedwell. Wood’s Cottage, Stark Co. Don 
M. Brown. ^ 

1788. Verbena haslala L. Blue Vervain. Marion Co, Clyde H. Jones. 

1793. Lippia lanceolala Mx. Frog-fruit. Canal Fulton, Stark Co. Don M. Brown. 

1798. Teucrium canadense L, American Germander. Salem Twp., Campaign Co. Jane 

Roller. Canal Fulton, Stark Co. Don M. Brown. 

1803. Scutellaria incana Muhl. Downy Skullcap. Vernon Twp., Clinton Co. E. E. 
Terrell, Jr. 

1807. Scutellaria parvula Mx. Small Skullcap. Union Twp., Clinton Co. and Jasper Twp., 
Fayette Co. E. E. Terrell, Jr. 

1812. Mentha spicata L, Spearmint. Carroll Co. Don M. Brown. 

1836. CUnopodtum vulgare L. Field Basil. Wood's Cottage, Stark Co. Don M. Brown. 

1846. Glecoma hederaceah. Ground-ivy. Thom Twp., Perry Co. Floyd and Elizabeth Clum. 
1861. Stackys palustris L. Marsh Hedge-nettle. Salem Twp., Champaign Co. Jane Roller. 
1863. Stachysasperayix. Rough Hedge-nettle. Lawrence Twp., Stark Co. Don M. Brown. 
1869. Lamium purpureum L. Red Henbit. Adams Ttm., Clinton Co. E. E. Terrell, Jr. 

1860. Lamium maculatum L. Spotted Henbit. Allen Co. Franz Illing. 

ISW. Monarda fisinlosa L. Wild Bergamot. Y. M, C. A. Camp, Lake Co. Don M. Brown. 

1879. Plantago cordata Lam. Heartleaf Plantain. Crane Twp., Wyandot Co. Marguerite 

Lowery. 

1902. Deringa canadensis {L.) Honewort. Pike Co. Gordon S. Crowl. New Franklin, 

Stark Co. Don M. Brown. 

1960. Houstonia an^Hlolia Mx. Narrow-leaf Houstonia. Adams Co. E. E. Terrell, Jr. 
1962. Milchdla repens L. Partridge-berry. Mohican Forest, Ashland Co. James Steven¬ 
son. Richland Twp., Holmes Co. E. P. MacArthur. 

1967. Galium pilosum Ait. Haixy Bedstraw, Y. M. C. A. Camp, Lake Co. Don M. Brown. 

1982. Viburnum prunifolium L. Black Haw. Thom J^wp. ♦ Perry Co. Floyd and Elizabeth Clum. 

1986. Triosleum J^rfolialum L. Common Horse-gentian. Greenfield Twp., Fairfield Co. 
Charles R, Goslin. 

1997. Lonicera glaucescens l^db. Glaucesent Honeysuckle. Ashtabula Co. Harry Crofoot. 
1999. Lonicera suUivantu Gr. Sullivant's Honej^uckle. Salem Twp., Champaign Co. 
Jane Roller. 

9019, Lobelia ifisftata L. Indiaa-tobacco. Ross Co. Gordon S. Crowl. 
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2021. Lobelia spic&ta L. Pale Spiked Lobelia. Geauga Co. £. P. MaoArthur. 

2024. XanUnuiH pennsylvamcum Wallr. Pennaylvanuk Cocklebur. Hooking and Fairfield 
Co. Charles K. Ooslin. 

2029. Ambrosia tkUior L. Roman Ragweed. Berne Twp., Fairfield Co. William and 
Robert Goalin. 

2038. Rudbackia hirta L. Black-eyed Susan. Vinton Co. A, G. Welshimer. 

2036. Rudbeckta suUivanti Boynt. and Bead. Sullivant’s Cone-flower. Adams Co, Edward 
S. Thomas. 

2046. HelioHlkus iiganteus L. Giant Sunflower. Highland Co. Katie M. Roads. 

2065. Heiianthus decapetalus L. Thinleal Sunflower. Ross Co. Gor<^ S. Crowl. 

2067. Helianihus slrumosus L. Paleleaf Wood Sunflower. Highland Co. Katie M. Roads. 

2060. H 0 li 0 nlkus hirsuius Raf. Hirsute Sunflower. Highland Co. Katie M. Roads. 

2071. Bidanf comosa (Gray) Wieg. Leafy-bracted Bur-marigold. Clinton Co. E. E. 

Terrell, Jr. Fairfield Co. Charles R. Goslin. 

2077^ Bidens va/goia Greene. Tall Beggar Ticks. Athens, Athens Co. Warren Abbott. 

2079. Bidms frondosa L. Black Beggar-ticks. Franklin Co. A. R. Harper and Edward S. 

Thomas. 

2080. Bidens bipinnala L. ^aniah-needles. Laurel Twp., Hocking Co. Charles R. Goslin. 

Ross Co. Gordon S. Crowl. 

2088. Polymnia canadensis L. Small-flowered Leaf-cup. Portage Co. Don M. Brown. 

2092. Silphium perfoliatum L. Indian-c^. Wood Co. R. E. Shanks. 

2093. Silphium tri/olialum L. Whorled Rosin-weed. Marion Co. Clyde H. Jones. 

2097. Hueninm nudifiorum Nutt. Puiple-headed Sneeze weed. Fairfield Co. £. £, Terrell, 
Jr. Gallia Co. Clyde H. Jones. 

2103. Intda kelenium L, Elecampane. Stark Co. Don M. Brown. 

2110. Anapkalis margaritaceae (L.) Gray. Pearly Everlasting. Athens, Athens Co. Warren 
Abbott. 

2112. Aniennarxa plantaginifolia (L.) Rich. Plantain-leaf Evertasting. Holmes Co. £. P. 
MacArthur, 

2114. Antennarta neodtoica Greene. Smaller Everlasting. Pike Co. Gordon S. Crowl. 
2116.2. Grindeltia lanceolata Nutt. Narrow-leaf Gum-plant. Vote Ridge, Athens Co, Walter 
P. Porter and P. S. Wamsley. 

2121, Solsdago hispida Muhl. Hairy Goldenrod. Pike Co. Gordon S. Crowl. 

2123. Solidago caes%a L. Wreath Goldenrod. Laurel Twp., Hocking Co. Charles R. Goslin. 
Pike Co. Gordon S. Crowl, 

2130. Solidago canadensis L. Canada Goldenrod. Highland Co. Katie M. Roads. 

2134. Solidago ulmifoUa Muhl, Elmleof Goldenrod. Odell Creek Sanctuary, Friendship, 
Scioto Co. R. B. Gordon, J, S. Katz, and P. B, Chapman. 

2137. Solidago juncea Ait. Plume Goldenrod. Fairfield Co, Charles R. Goslin. Buckeye 
Lake, Licking Co. Warren Abbott. Ross Co. Cordon S. Crowl. 

2145. Sertococarpus asleroides (L.) B. S. P. Toothed White-top Aster. Adams Co. E. E. 
Terrell, Jr. 

2148. Aster schreberi Nees. Schreber’s Aster. Ross Co. Gordon S. Crowl. 

2149. Aster macropkyllus L. Largeleaf Aster. Pike Co. Gordon S. Crowl. 

2164. Aster lindleyanus T. & G. Lindley’s Aster. Athens, Athens Co. Warren Abbott. 

2166. As,,tef sagiUifolins Willd. Arrowlcaf Aster. Stark Co. Don M. Brown. 

2167. Aster undulatus h. Wavy-leaf Aster. Adams Co. Fred H. Norris. 

2158. Aster puniceus h. Purple-stem Aster. Green Twp., Ross Co. Floyd Bartley. 

2160. Aster novae-angliae L. New England Aster. Logan Co. A. G. Welshimer. Clinton 
Co. E. E. Terrell, Jr. 

2180. Erigeron ramosus (Walt.) B. S. P. Daisy Fleabane. Yc^ Farm, Stark Co. Don 
M. Brown. 

2186. lonactts HnariiJoUus Greene. Stiflleaf Aster. Madison Twp., Fairfield Co. Gene and 
Helen Rea* 

2188. Eupaiofium purpureum L. Purple Joe-Pye-Weed. Vernon Twp., Clinton Co. E. E. 
Terrell, Jr. 

2231. Senecto aureus L. Golden Squaw-weed. Ashland Co. Clyde H. Tones. 

2260. Cirsium odoratum (Muhl.) Britt. Fragrant Thistle. New Franklin, Stork Co. Don 
M. Brown. 

2269. Centaurea maculosa Lam. Spotted Star-thistle. Green Twp., Clinton Co. E. E. 

Terrell, Jr. 

2270. Apargia atUumnale (L.) Hoffm, Fall Hawkbit. Franklin Co. Clyde H. Jones. 

2277. Nieracium gronovU L. Gronovius’ Hawkweed. Jefferson Twp., Clinton Co. E. E. 

Terrell, Jr. 

2284. Hieracium venosum L. Veined Hawkweed. Vernon Twp., Clinton Co, E. £. 
Terrell, Jr. 

2309. Leonlodon taraxacum L. Dandelion. Thom Twp., Perry Co, Floyd and Elizabeth 
Clum. ^ 



DESCRIPTIONS OF THE NEOTYPE OF DRAECULACEPHALA 
MOLLIPES (SAY) AND A NEW SPECIES PREVIOUSLY 
CONFUSED WITH IT 

(Homoptbra, Cicadellidae) 

RALPH H. DAVIDSON AND DWIGHT M. DbLONG, 

Department of Zoology and Entomology, 

The Ohio State University 

For many years the green and yellow sharp-headed leafhopper, Draectdacephala 
moUipes (Say), has been recogniz^ as one of our common and abundant grass- 
feeding species in pastures, meadows and on certain of the cultivated grass crops. 
Recent studies of the genital structures of the males of this group have shown t^t 
a second common ^cies described and illustrated herewith as canstricia has been 
confused with moUipes because of their superficial resemblance. In view of the 
fact that the type specimens of moUip^s have been destro}^, it has been necessary 
to designate which of these species should bear the name mollipes. The original 
description of mollipes would fit either species so we have agreed on the designation 
of the specimens described and illustrated at this time as mollipes (Say). We 
arrived at this decision after careful study of the male genital charactm of large 
series of specimens previously identified as this species. A neotype is, therefore, 
being erected to serve as a future type for the species. A taxonomic revision of 
the entire genus has been completed and has been submitted for publication. 

Draeculacephala moll4>es (Say) 

TetUgonia moUipes Say, Jour. Acad. Nat. Sci. of Phila. 6 ; 812, 1831. 

A yellow and green species with acutely angled vertex and without distinct markings. Length 
male 6 mm., female 7.5-^ mm. ^ 

Vertex produced, apex blunt, as long as or slightly longer than basal width and slightly 
longer than pronotum. 

Color: Vertex, anterior portion of pronotum and scutellum yellow, posterior portion of 
pronotum and elytra dark green. Vertex faintly marked with narrow brownish lines. 

Genitalia; Female last ventral segment with posterior margin concavely roundedly pro¬ 
duced either side of a median produced rounded apex. Male plates long, concavely tapered to 
narrow, rounded divergent afnces. Styles short, rather broad at middle, apical portion bent 
inwardly, and outer margin concavely rounded to pointed apex. The ventro-anterior portion of 
aedeagus with a pair of rather short, thick, dorsally directed processes and a pair of long, spine-like 
ventral processes which diverge and extend caudally to tip of aedeagus with their apioes curved 
dorsally. Dorso-posterior portion with a pair of dorsally directed divergent processes and a 
ventral process which in ventral view appears elongate, about one-third as wide as long with 
natifow base and narrow bluntly pointed apex. 

A male specimen from Hocking County, Ohio, collected August 25, 1236, by Dr. J. S. 
Caldwell, is designated as the neotype and a female from the same locality as the neallotype. 
Male and female specimenCiti the series are designated paratypes. All types deposited in the 
authors' collections. 

Data from lab^ed specimens authentically identified as this species indicates the following 
distribution by states: Maine, New York, Pennsylvania, Ohio, Indiana, Illinois, Tennessee, 
Missouri, Wisoonshi, Minnesota and Ontario, Canada* 

DraecuUcephate coostricta n. sp. 

Resembling molUpes in size, form and color but with distinct male genitalia. Length male 
6.5 mm., female 8 mm. 
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Vertex produced and bluntly angled, in both sexes as long as basal width and slightly shorter 
than pronotum. 

Color; Vertex, anterior portion of pronotum and scutellum yellow, vertex marked with faint 
brownish longitudinal lines. Fbsterior portion of pronotum and elytra dark green, veins paler. 

Genitalia; Female last ventral segment produced from lateral angles, concave either side of 
median produced apex which is bluntly pointed. Male plates long, reaching to tips of pygofers, 
concavely narrowed to acute roimded apices. Styles short, broad at middle, apical portion bent 
inwardly, narrowed to pointed apices. Ventro-anterior portion of aedeagus with a pair of dor- 
sally dkected basal processes and a ventral pair of posteriorly directed divergent spine-like 
structv^es which extend almost to end of aedeagus and have apices which bend upward. Dorso- 
}K>sterior portion with a pair of dorsally directed processes and a ventral portion which is 
elongate, narrowed at base, convcxly rounded to almost one-half its width and with apex broadly 
rounded. In lateral view it is decidedly constricted just before base. 



Fig. 1. 'Lateral and ventral views of the aedeagi, and lateral views oi the pygofers. 

Holotype male, allotype female and male and female paratypes from Washington County, 
Ohio, Oct. 12, 1940, collected by the senior author and deposited in the authors* collections. 
Male and female paratypes from Vandalia, Ohio, June 10, 1984 (Davidson); Northeast, Penn., 
June 15, 1917 (DeLong) in the Ohio State University collection. A large series of male and 
female paratypes collected at a light in Athens, Ohio, June 2, 1934 (W. C. Stehr) and deposited in 
the University of Minnesota collection* A large series of male and female paratypes deposited 
in the Illinois Natural History Survey collection are from the following localities in Illinoia: 
St. Joseph, Fulton, Pike, Alton, Springfield, Princeton, Oquawlta^ Loda, Monmouth, Danville, 
Shawneetown, Havana, Pulaski, Apple River Canyph, Macomb, Anna, Oakwood, Urbana, 
Castle Rock, Beach, Evergreen Park, Dixon, Savannah^ Wauoonda, Hanover, Algonquin, 
Decatur, Thomson, Champaign, Zkm, St. Anne, Dubois, Oak Lawn, Seymour, Kankakee, Dixofi 
Springs, Parker, Warren, Weldon Springs, Dongols, Marshall, McHenry, Carbondale, Mt 
Carmd, Metropolis, Grafton, Barry, Amboy, Vienna, Orangeville, Shefl&eld and Putnam. 

Other areas from which this spedes has been taken are Maine, New York, New Jersey, Vir¬ 
ginia, West Virginia, Kentucky, Tennessee, Indiana, Mkh^an, Wisconsin, Iowa, Missouri, 
Oklahoma, Texas, Florid, KaiiSas, Nebraska; South Dakota, Minnesota, Montreal, Quebec; 
and ^nff, Alberta, Canada. 
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VARVES IN SANDUSKY BAY SEDIMENT 

IRA T. WILSON 
Heidelberg CoUegei Tiffin, Ohio 

While determining the quantity and distribution of the sediment in Sandusky 
Bay the western end of Lake Erie for the Division of Conservation of Ohio, 
the writer found the deposits to be varved. Since several nearly complete cores 
of sediment were secured, an estimation of the total number of varves has been 
possible. Estimates of three cores have been made, two in the Bay proper and one 
at the edge of the Bay. This last core penetrated 10 feet of deposit that lies above 
^e level of the Bay floor that is not represented in the other two borings. Since 
it represents as complete a profile as is likely to be found of the lacustrine deposits 
of the glacial waters that covered northwestern Ohio for a considerable part of 
post-glacial time, it was thought that the varve count might be of interest to 
glaciologists. 



Fig. 1. A piece of core from a boring near the center of Sandusky Bay tom open thus 
exposing varved structure of the deposit. After being tom open the core was allowed 
to ^ which caused enough shrinkage to accentuate the gaps between the layers. The 
visible layen are only one*‘hatf of those acti^ly present; they are the thicker winter 
deposit. The very thin quarts layers, betweai those that are visible, that make up the summer 
deposit do not show in the ^otc^raph. 

, Th^ Bay lies ixlsitto the shorelines of the glacial lake that existed in front of the 
HutOn-Erie lobe of tlie Wisconsin ice sheet. As inferred from Taylor's account 
(Levitt and Taylor, 1915)^ glacial waters covered the from the late 

Maumee stage, through the «*kona, Whitttesey, Wayne, Warren and Elkton 
stages. After the Elkton stage the mdt water of the upper lake (Algonquin) 
found drainage eastwarti (Kirimetd outld) and lowered lake level in the Erie 

^Levorett, Fraaki *fayk?» Fwlk 8^ MB. The JPleistocene of Indiana and Michigan 
history of the Om&t I^es. United Sta^s Geological Survey. Monograph SB: 
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basin below that of the Bay negkm, thus aiding dnwsition titare, Ilte pteient 
Bay is the widened mouth ol the SaudosI^ Rives' wpch cuf;, ite t^upugb iSiie 
lacustrine deposits of this saies of lakes ana the EuEton sd^ Tm spader was 
retreatii^ from Sandusky Bay to a point near the Niagara gorge during the period 
of deposition of the sediment referred to here~a distance ci apptxdunotely 260 
miles. 

The cores of sediment were secured by driving the smnpter ($^-inch tube) into 
the sediment approximately one foot at a time in soft secBment and as little as 
two inches in Iwd sediment. An Attempt was dways made to get a sample of 
the s^e. length as the distance the sampler was driven Into the sediment, 'Ihis 
procedure avoided compaction of the todiment. The sampling was carried on 
inside, a casing that was always driven to the level of the bottom of the last 
sample and washed clean before a new sample was taken. This method entailed 
the loss of about two inches of core between each sample. Cores were tom open 
lengthwise to lev^ the varved structure. Examuiatimi of Figure 1 reveaB the 
varved structure erf a typeal sample. 

The technique of estimating the total number of varves consisted first, in 
dividing the dejrfh of the boring mto increments and counting accurately the varves 
of the available sediment of each increment, and second, determining the average 
number of varves per inch (in the available sediment) and multiplying this by the 
number of inches penctrat^ in securing the samples included in the increment. 
This method gives an estimate that includes the portioas of sediment lost between 
samples. Finally, the estimate erf all the increments were added together to 
secure the total number of varves in the core. In choosiog the increments care 
was taken to include as uniform thicknesses of varves as was posrible, thus keeping 
the deviation of any of the varves from the average of its mcrement at a minimum. 

Both the winter and summer layers of the varves in the deposits reported here 
are very distinct, one of them being thin, white and composed almost entirely of 
fine quartz crystals, whereas, .the other is thidter, daric and oomposed mostly 
of clay, some carbonates and a slight amount of organic matter, Tim particles 
of the white quartz layer of the verve are so pooriy cemented that the core easily 
breaks apart along it, but those of the dark stratum are well cemented tc^ether. 
Frequently the dark stratum of a varve shows eight or ten subdivisions thsrf may 
represent disturbances Of settling caused by individuiGd stontts. 

The sizes of the particles that make tap the vaerved deposit vary from 50% at 
some levels to 60% at others that a» leM ;thati 2 .miciioas in disaneter. Maximum 
sizes (found only at the lower levels) vary from 85 to BO nfiCraiiS. 

Table I Shows (for the most Complete core—it includes 10 feet of sediment 
above the^present Bay level) the deaths Utniting each iocreoKnt, the average 
number of varves per inch, the total numbcs'pf varves in each increment, and ^ 
total number of varves for all the inordnents, i. si.« in the cOomlete core, The 
total depth of sediment in this case is 7'^ . The aedunimt of this boring Bss on 
bed rock. It can not be cAated definitel|^ that this pore in<h>detf hfi of t|he 4epoi^ 
of the glacial lake under consideration mnoe some may have been lost by erorimi 
or by removal by readvanctng ice. Broskm has been Slight dm to the 

extreme fiatness of the region. The varve mtimates made in the thrjw cores giive 
comparable restdts. 

An examination of the cerfumn in the tSt^e IdheBed “Av. per iiwh'' riknn that 
the varves vary in thickness somewhat at diSeieht Isivste. hod bbe‘4^ 

varves is the minimum number pm inch and 38 the maadniwnri. 
axe minor fluctuations from increment to hunemeiit ,iO' thh witSm' oTyariist, 
there is in general a decrease in the nuidber per, fmiiu tltolos^ 
levels of the deposit* i.e., the varves,get thidter the noscitier the surface ^ 
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This indicates a greater aamjal d^osition in the bis^ber levels. The differences in 
thickoesB of varves due almost entirely to diffeienoes iq the diuk la^. Dr. 
Oeoige M. Stanley ^i^rikmal communication) suttests tiiat ‘'the ineteaang titidk' 
ness of varves towa^s the top of the uction is largely a result of the shallowing 
lake and nearer shoreline, since this is probably the principal source of sediment.” 

, •*' TABUE I 

KxCOKO of ras BSTIVATSS by iHCtKMBNTS (SbLBCTBD BbcAUSB op TtIB UmPOEiatY OP Thicknbss 
Of THB Layebs WiraiH It) op tub Vakvss iN a Bommc a Jhnr Fm BavKHirDTBs SocrasKN 
Enos OP SAMDUsar Bay on LaUc Bata. BsnifAtBs abb Nbcsssas v BscAirffi'A Few 
IMCHBS OP THB Cobs BBTWsBN EAca Sample Taeknwbbb Lost. THBVWBBa 
Maos BY DsnsBiuNiMOTaB AvBBAOBNoMMSBOPVAitvBsiN'mB AvAa^ 
able Sbowemt (Usually Aaotit 7fi%) of Each liicBBtacirr and 
MulyiflyimO This NvUBbb by the Total Number op 
Inches m the Incbememt 


Depth of 
Incrments 

Average 
Kumber 
of Vatvee 
per Inch 

Number of 
Varves to 
IftOrements 

Depth of 
Increments 

Average 
Number 
of Varves 
per Inch 

Number of 
Varves to 
Increments 

th . 

12.5 

212. S 

IBMO'S'. 

31 

465 

l'6»-2'3'. 

16 

144 

19'8'*-207*. 

33 

528 

2'2'-2Tl'. 

21 

189 

207*'-2nr. 

36 

540 


18 

306 

21Tl'-23'5*. 

32 

576 

. 

4'4M'10'^. 

17 

iQ2 

. 

29 

203 


16.5 

165 

K7ncra|||ll|||l||p 

29 

348 

. 

22 

176 

26''-a5'8'. 

28 6 

171.« 

. 

17 

119 

26'6*’-26'B*’. 

30 

360 

. 

«'ir-7'6'. 

19.5 

117 

26'«»-27'. 

33 

198 

7'6*-8'. 

16.5 

115.5 

27'-28'. 

36 

404 

8'-4>'. 

19 

228 

28'l'-28'6'^. 

34 

170 


23 I 

230 

26'6''--397'. 

33.5 

435.5 

. 

P'lOMO'S'. 

21.5 

215 

297'4o'. 

36 

180 

lO'S'-ll'S*. 

20 

240 

ao'-aiT'. 

34 

442 

ll'SMg'S'’. 

27-5 1 

330 

aiT'-MT'. 

28 

604 

u's'-iS's' . 

27 

314 

327'-34'r. 

28.5 

513 

IS'SMVB*. 

92 1 

384 

34'r“34'10‘'. 

20.5 

266.6 

W'BMS'S'. 

32.5 

300 

84T0'-«6'8'. 

29 

290 


26.6 

323.2 

36'6'-S7'2*. 

30 

540 

. 

W'S'-lS'. 1 

34 

644 

87'2'-87'7'. 

31 

155 


Grtuid Total of Varves, 12,223 



The totAl immber of varves in the core, namely, 12,223, certainly represents 
the laiqimmn number of years that the Sendu^ Bay region was covered by cold 
‘ l inttenl Siooe the Erie lobe of the glacier reeled a^irndmately 260 miles 
' i^s tithe it tnuit have receded at m avmige rate of 108 feet per year. 

I trtttar is indeb^ to the Departmmit of Conservation of Ohio for financial 
, for the wotk, to Dr. T. H. Lemglois, of the Frans Theodore Stone 
T LithbfWcny for arranging for the work and for many suggestions, to 
SMeyf of the Univer^ty of Micdiigan, for suggestions ^ critician, 
i Ifeevw and Robert Wilson for belp^ do the field work, and to Donald 
,^Jigwnd Alto Jfaakowifes for assiifting in oounting the varves and detennin* 
to the tof^ibas of varioms particie siaes. 





































STUDIES IN THE BIOLOGY OP THE LEECH.* VI, 

The Anatomical Basis for Certain Leech Behavior 

JOHN A. MILLER 

Departmeot Zoology and Entomudogy, ^ ‘ 

The Ohio State Univenity, Colnmtnis, 


Tlie behavior of an animal is the result of sthnuli acting upon a particular 
anangetnent of^ anatomical structures. In the leech a neuromuscular 

pattern is preKnt. Motor neurons of this mechanism can be stimulated directly 
by direct cutlet of low voltage. Miller (1934). The re^nseS of the leech in an 
d^rical field constitute the experimental basis upon which the probable arrange¬ 
ment of motor neurons enervating body wall muscles has been postulated. MiUer 
(1936). The polarity of motor neurons is determined by the application of the 
“law of polar stimulation.’’ Lillie (1923). The same technique has been success¬ 
fully applied by Shensa and Barrows (1932) in their study of galvanotropic responses 
in the earthworm. The position and extent of the motor neurons in both the 
leech and the earthworm have been suggested by the resulting behavior of the 
organism. In every instance where the behavior of the organism involved only 
a few segments, it was apparent that motor neurons within the cord extended 
through several ganglia. In the present paper I propose certain anatomical 
features in support of the experimental evidence previously reported. 




Fig. 1. A, The normal shape of the leech. B. The change in body form 
following nerve cord transection. 


In a preceding jiaper of t^is series, Miller (1943); tSietesnui piesented an account 
of the deviatidns in body form following nerve cord tnuMection. - Fig. 1. Tlie 
specific reaction to Which 1 was to refer is one occurring in the mid-body region 
followup; the transection of ^ ventral nerve cord'. The ojiersted leech Showed 
in the region of the severed cord a constriction extending anteriorly, and an enlaige- 
ment extendmg ppsterioriy. In the mkl-body re^Kion a typical si^iinent oons^ 
of five annuli, tlie afibcted area extended from three to five annuli anterior to 
the cut and from four to six aantili posterior to the cut. The affected depended 
upon the relation of the cut to Uie segmental gai^i^. 

In the segment anterior to the cot, there was a loss of tone in the loegUudinal 
muscles. Posterior to the cut there wss a oorreiq|xAtdii% loss of teme in the circfilar 

‘H’semopis marmorftHt (Say). 
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muscles. The minimum area affected embraces no less thau two complete seg¬ 
ments, From these observations it seemed reasonable to imply tiiat mo^ netanms 
•extended for short distances in the cord. Acawdii^ to Smallwood (1930) inter- 
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Fio. 2. Photamicrograph. A frontal section throiigh a leech ganglion, 

f < 


lilif 



>... .■■■ - 




Pio. 8. {%ob»nicrogra{^ A longitudisal ssetido through a leech ganglion. 

B. 0 .) Viaptnl nerve cord, (n.) Intecganglionic processes, (m) Intetganglionic 
fffUbMiW^ eoteriiu a lateral nerve. <nt) Interganghonic processes continuing through the 
(m) hfotor axons entering in>ine<Ii8te Uueral nerve. <n«) Motor axons extending 
uttto the ventral nerve cord, (m. c. b.) Motor cell bodies. 

fail|{Uotilc tMurehJS in the earthworm are small in siae and few.in numbers. Small- 
fuithet sUtes that these intergat^Uonic nente cells pUcy but a small part 
in tremlBaititing impulees from ganglion to ganglion. It is bis ccmte^tion that 
jntetfaingliii^ic eorrektioh is the fuuctioa. of m giant ^jera. Ogawa (1999), also 
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working with the earthworm, described numerous interganglionic nerve cells. 
Of the three types described, one which he calls '*the gross cell" and which was 
previously mentioned by both Retzius and Krawany, is motor. This type of cell 
is described as passing over two or three adjacent ganglia. These are unipolar 
cells, the axon of whidi gives off numerous collaterals during its course. 

In leech preparations, Figs. 2 and 3, using a special technique developed by 
the author, neurons similar to those described by Ogawa can be traced. In both 
frontal and lateral views intergan^onic processes are visible. Certain of these 
processes enter the lateral nerves (m); others continue through the ganglion to 
adjacent segments (n*)- In passing through a ganglion, these long fibers occupy 
a position dorsal to the mass of nerve cell bodies. Pig. 3. In each ganglion large 
motor cell bodtes are observed in well defined areas. Figs. 2 and 3. Several 
distinct types can be differentiate, among which those whose axons enter the 
immediate lateral nerves (ni), wbUe others send their protoplasmic extensions into 
the nerve cord (h<). This anatomical evidence substantiates the previous con¬ 
clusions derived from experimental evidence, namely, that motor neurons extend 
diort distances in the cord. It further offers an anatomical basis for understanding 
the segmental behavior following nerve cord transection. 

The position of the nervous elements in the central system of the leech have, 
up to the present time, been determined almost entirely upon inferences drawn 
from experimental evidence. This is the first of a series of papers based on the 
neuro-anatomy of the leech and devoted to an analysis of the action systems, 
whereby the functional relationship of this mechanism can be applied to an under¬ 
standing of the behavior of the organism. 
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Cytology 

A highly condensed description of the equ^mient and procedures used m the study of both 
animal and plant dnomosomes. Cwsequently the user of the book will find hiizuel! repeatedly 
forced to sew out other sources of information. For example, the technique of centriruging is 
disposed of in two lines on page 69 by citing three pubffcations. There are 25 pages m bib¬ 
liography. The book will thei^ore be very usdul as a subject guide to the literature. Two 
matters of conjecture axe stated in ways that may give the incorrect impression that they are 
established facts: on page 18, chromosomes . .are amongst the largest mdeOules . . , 
and on page 59, in smivary gland chromosomes **. . . eadh gene therefore appears as a band 
. . There are 14 plates of excellent photomicrographs (although the authors ineiat on 
calling them imcrophoU^raphs, pp. 77 and 89). It is unfortunate the plates were not numbered 
or labeled in some way so as to facilitate correlating them with their desermtions. 

—E. F. Paddock. 

The Handling of Chrottosomeey by C. D. Darlington and L. F. LaCour. The MeaniUan 
Co., Now York, 1941. 165 pp., 14 pL, 7 figs. 12.50. 



AN ECOLOGICAL STUDY OP THE WORM PARASITES OF 
PORTAGE LAKES PISHES 


ROBERT C. HARE 
University of Akron, Akron, Ohio 

During the years of 1939 and 1940 a taxonomic and ecological study was made 
of the worm parasites of the fishes of the Portage Lakes, near Akron, Ohio. The 
complete results of this work are presented in an unpublished thesis (Hare, 1941) 
of which the present paper is a summary.^ 

We have attempted to bring out in this work not only the kinds of worms 
found in each host, but also to show the various ecological factors involved, e.g., 
the effect of season, habitat, a^^e, and food relations on parasitism. 

The Portage Lakes comprise a chain of small lakes and reservoirs extending 
southward from the city of Akron, Ohio. Summit Lake is within the city. Nesmith 
Lake, 41 acres, depth 10-24 feet; North Reservoir, 136 acres, depth 4-12 feet; 
East Reservoir, 292 acres, depth 12-25 feet; and Turkeyfoot Lake, 531 acres, 
depth 10-50 feet, were the principal lakes from which collections were made. 
The group includ^ also Long Lake, West Reservoir, and smaller tributary lakes 
as Hower^s Lake from North Reservoir, Mud Lake and Rex Lake from Turkey- 
foot, There is also small, shallow, weedy Grape Lake. Further to the south is 
the still laiger, newly formed Nimisila Reservoir. A few specimens were also 
taken from the Ohio Canal, part of which connects Summit Lake with Nesmith 
Lake. The shore line of the chain offers a great variety of conditions from cottage- 
lined banks to large marshy areas. The lakes and fish conditions were reported 
on by Osbum (1921), and studies of fish food and plankton were made by Kraatz 
(1928, 1931, 1941). , 

Acknowledgment of indebtedness of the author goes to Paul Eschmeyer for 
collections of fish and their identification; Dr. R. V, Bangham for identification of 
many parasites; Fred H. Glenny for assistance in preparing slides of parasites; 
Samuel Caplin for photographs of parasites (not included in this paper), and 
Dr. Walter C. Kraatz for suggestions and help in the work and the thesis and 
this paper. 

COLLECTIONS AND PREPARATION 

Pish were caught over a period of a year by set net, seine, and hook and line 
from all possible ecological habitats and examined fresh immediately or after 
icing. 

All worm parasites were removed while alive and kept for study in a 0.7% 
NaHCOf solution (Van Cleave and Mueller, 1934). Fish were examined singly 
by hand; each organ removed to separate dish of soda solution; parasites removed 
and freed of mucus in fresh solution. 

Several killing ^d fixing agents were employed. Nematodes were put in hot 
70% alcohol; Cestodes and Trematodes in hot Bouin's fluid, 12-24 hours, and later 
plac^ in 70% alcohol. Leeches were also fixed in Bouin*s, and Acanthocephala 
were placed in tap water whereupon their beaks extended, and then fixed in 
Bouin's. 

Most of the worms were stained and mounted in toto, using para-carmine 
or hoTBX carmine, and cedar oil for clearing. Some fish livers were sectioned to 
reveal smaller parasites, staining with Ehrlich's haematoxylin and eosin. 

>The thesis was in partial fulfillment of the requirements for the degree Master of Science, 
University of Akron, IWI, iXie to the entrance ott Robert C. Hate into the U. S. Army, Dr, 
Walter C. Kraals collaborated in the production of this paper. 
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The total number of hsh examined for all worm parasites Mras 127, or 21 species, 
falling in 8 families. These are listed in the course of the paper. This is somewhat 
less than half of all the recorded fish species of the lakes. Of the 29 species not 
taken, 17 are minnows, 4 catfish, and 5 sucker q>ecies. 

THE PARASITES, THEIR ABUNDANCE AND DISTRIBUTION 
IN RELATION TO HOSTS 

Parasites found belong to Trerftatoda, Cestoda, Nematoda, Acanthocephala 
and Hirudinea. 

Trematoda. —Ectoparasitic Trematodes, order Monogenea, were not rep¬ 
resented. All those found were of Order Digenea, which require a snail as host 
for prior larval stages. There are two possible conditions: (1) those which attain 
maturity in the fish (then chiefly in the digestive tract), (2) those which are 
immature in the fish (metacercariae) to reach function^ maturity only after 
being eaten by a fish-eating bird or mammal—or possibly some second predator 
fish or other aquatic vertebrate. 

AUocreadium sp.—Three specimens were found in intestine of the common 
sunfish from shallow water over mud bottom in the Ohio Canal. 

Microphallus Ward, 1901.— MicrophaUus opacus was found only in one rock 
bass, taken August 1 in shallow, weedy water of the Ohio Canal. About a dozen 
of the worms were present in stomach and intestine. Crayfish are said to carry 
the metacercaria in their liver (Ward, 1894). It may be significant that the rock 
bass host had a large crayfish in its stomach. Four of the nine specimens in the 
stomach were still metacercariae. 

Slfigeidae —Those found were all of the larval group Neascus, well described 
by Hughes (1927). All occur in fish as encysted metacercariae. 

Neascus vanckavii (Agersborg, 1926).—^This parasite was found encysted in 
internal organs of various Centrarchidae, in moderate to heavy infestations. 
The common sunfish was very susceptible. The liver was infested with hundreds 
of the larvae. Most parasitized fish were from shallow water. The age of the 
fish seems to have bearing, on Neascus infestation, at least in the bluegiU. Of 14 
of these under 4 inches from various localities in the lake, none were infested, but 
of the five larger bluegills, three were heavily infested. &me hybrids of common 
sunfish and bluegill were only lightly infest^. Other hosts were the large-mouth 
black bass, warmouth bass. 

Neascus ambtopHHs Hughes (1927).—This common parasite occurs as a deeply 
pigmented integumentary cyst, forming a slight elevation; often a fish appears 
literally f^ppei^ with them. All the infested fish were from shallow water. 
Heaviest infestations were found in perch, log perch, large-mouth bass; less in 
warmouth bass, long-eared sunfish and steel-colored minnow. Perch were seldom 
found without the cysts. Only young of the large-mouth bass were infested. 
Of ten bass under four inches from various parts of the lakes, nine were infested, 
whereas of nine over four inches, none were infested. 

Cestoda .—^Adults of fish tapeworms always occur in the alimentary canal of the 
fish. There is more flexibility of host species than in Trematodes, and also in 
host relations in larval stages. Larvae usually develop in Artiiropods. In 
addition to serving as hosts for adult tapeworms, fishes frequently shelter advanced 
larvae which reach maturity in other fishes, amphibia, reptiles,' birds or mammals. 

Cestoda do not occur as abundantly as Tremato^ or .'Acanthocephala in 
Portage Lakes fishes. > 

Proleocephalus, La Rue, 1914; Proteocephtdus amblopUtU (Leidy).—^This is 
the most common species of cestode in Portae Lakes fishes. It was found in the 
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^digestive tract of all five of the garpike examined and in the stomach of the large- 
mouth bass. Larval forms were foimd in the liver, gonads and body cavity of the 
garpike and bluegills and in the pericardial cavity of the bass. These larvae have 
been known to cause economic loss because of infestation of gonads of hatchery 
bass. Bangham (1927) refers to it as a most serious handicap to the hatching 
of bass." 

Copepods have been shown (Hunter, 1928) to serve as first host for P. amblo- 
plUis, Van Cleave and Mueller (1934) state that Proteocephalus is of general 
'distribution. Young fish seem less susceptible. All of the parasites were from 
mature fish. 

Proteocephalus fluviaiilis Bangham (1925).—Eight adults of this species were 
taken from one large-mouth black bass, caught May 23 in deep water in East 
Reservoir. 

Proteocephalus singularis La Rue (1911).—This species, both as larvae and 
adults, occurred in the stomach of the long-no^d gar. In one instance over a 
hundred were taken from one host. All the fishes were from deep water. 

Corallobothrium Fritsch; Corallobothrium fimbrialum Essex (1928).—Four worms 
of this species were found in the intestine of one mature black bullhead caught in 
January through the ice of Grape Lake. 

Nematoda .—Roundworms were less frequently encountered than preceding 
group in Portage Lakes fishes. 

Contracaecum Raillet and Henry.—The genus belongs to the Ascaroidea. 
-Contracaecum sp.—Numerous larvae were encysted in the walls of the intestine 
and in mesenteries of two black bullheads caught January 1 through the ice of 
‘Grape Lake. 

Philometra Costa.—The genus belongs to the order Filarioidea. Philomelra 
cylindracea Ward and Magath (1917)—^A single adult female of this roundworm 
was taken from the intestine of a rock bass August 1, from the shallow water of the 
•Ohio Canal. 

Acanthocephala. —Thorny-headed worms were found to be the most abundant 
worm parasites of fishes in this study, although only three species of these parasites 
were found. 

Neoechinorhynchus Hamann; Neoechinorhynchus cylindratus (Van Cleave, 
1913).—This worm occurred in great abundance in the large-mouth black bass, 
•crowding the intestine. It was found in both young and old fish, the severity of 
the infestation increasing with age, Although rnany different hosts are given 
for this species by various workers, in this study it was not found outside of the 
bass, except for one instance of larvae encysted in liver of a common sunfish, 

Lepiorhynchoides thecatus (Linton, 1891).—This parasite was the most abundant 
of the Acanthocephala, and of all the worm parasites of Portage Lakes fishes. 
It was widely distributed in fish species, commonest in large-mouth black bass, 
bluegill; next commonest in hybrid sunfish, common sunfish, warmouth bass, and 
found also in othe^: Centrarchidae and occasionally in other fishes. It occurred 
in stomach and intestine, sometimes so numerous in a host as to clog the intestine 
and tear the walls, and sometimes found in the coelom. Older hosts were more 
heavily infested. 

In life cycle studies, Van Cleave (1920) showed that larvae lived in the 
Amphipod Hyalella knickerbockeri. This amphipod is also abundant in the 
Portage Lakes. It appears that larvae from these arthropod hosts swallowed 
by the fish may, presumably if too small, bore through the fish intestine wall and 
proceed with larval growth in a cyst within the viscera. Such encysted larv^ 
:stages were found in various internal organs. Thus a fish may become an addi¬ 
tional intermediate host. 
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Pomphorkynckus Monticelli; Pomphorhynchus bidbacolH Linkins.—'niis species 
was less abundant than the other two species but rather widely distributed. It 
was found chiefly in the goldfish and black bullhead, but also in yellow perch, 
long-eared sunfish, warmouth bass. It was in the intestine, except also in gonads 
in goldhsh 

The Acanthocephala are so abundant in nnost hosts as to cause serious damage. 
This has been discussed by Bangham (1928), Van Cleave (1919), and Pearse (1924). 
The damage to fishes in the present collections was often evident. When the 
intestinal lumen was clogged, laceration of walls with holes was frequent, resulting 
in inflammation and yellowing of the tissues. 

Acanthocephala seem to be well adjusted to their parasitic existence. There 
is no free-living stage. Two hosts are alwajre required. Larval hosts are Insects 
or Crustacea. (Van Cleave and Mueller, 1^4). Since host-parasite relationship 
is not very specific, adults may be in many species of fishes, passing from one to 
another as a predator eats a small fish. A large predator might adopt the 
Acanthocephala of several host victims. This was shown in this study of the 
Centrarchidae of the Portage Lakes. All the Centrarchidae showed high per¬ 
centage of infestation, except the white crappie. Practically every specimen of 
the others was infested heavily. In six white crappie no Acanthocephala were 
found. The identifiable stomach contents of the white crappie (six specimens) 
were the fry of gizzard shad, Dorosotna cepedianum, which is a fish now well known 
to feed almost exclusively on phytoplankton (Tiffany, 1921), and sometimes on 
bottom mud. This parasiticaUy sterile fish, when serving as the food of white 
crappie, explains the nearly complete lack of parasitism of the ctiqipie in the 
present instance. 

Seasonal periodicity of Acanthocephala infestation was also noted. Winter 
fish collections were almost devoid of iJiese worms of adult stage. The hosts feed 
little in the winter. Acanthocephala may overwinter more as larval forms. 

Hirudinea. —Leeches are of relatively minor importance as fish parasites. 
A total of only four leeches were found on fish taken m this study. One of these 
was a leech of genus lUinobdella, from the akin of a warmouth bass, caught through 
the ice in February in Grape Lake, which is very shallow. The other three were 
not identified and were found on gills of black bullhead, and the roof of the mouth 
of a long-eared sunfish from the Ohio Canal, and the other from the fin of a bluegill 
from North Reservoir. There was no correlation between infestation and season 
or habitat type. 

CORRELATION OF PARASITISM AND HABITAT 

Because of the small streas involved, the differentiated habitats are not extensive, 
so that many fish may not be so fully restricted to one habitat. But they have 
their individual environment preferences. Some parasites also appear to have 
such restricted habitats, which is probably determined chiefly by the range of the 
intermediate hosts. 

Parasitism occurs more in shallow than deep water; 28% of the fish taken in 
deep, open water were parasitized, but 78% of the fish token in shallow water were 
infested. Of shallow water fish, 27% were infested with Trematodes, but only 
4% from deep water had Trematodes. However, Cestodes were found in 44% 
of deep water fish and only 3% of shallow water fish, and thus in contrast to the 
other parasites. 

Acanthocephala were predominately in the shallow water association, 56% of 
fish in shallow water as contrasted to 32% in deep-water were infested. The fish 
taken from a hard boi;tom habitat were 95% infested with Acanthocephala; thoae 
taken from a soft bottom habitat were 44% infested. 
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In fact, hard-bottom, shallow-water habitat fish had the greatest infestation 
throughout, double that of the shallow-water, mud-bottom habitat fish and not 
quite double that of the deep-water, mud-bottom habitat fish, in latter of which 
tapeworms raised the percentage of infestation. Probably the explanation is 
largely that the carnivorous fish like Centrarchidae were mostly taken in the 
hani-Dottom shallow water. 


TABLE I 

Pehcemtage op Parasitism in Fish Families and Species 
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DEGREE OF PARASITISM WITHIN THE FISH FAMILIES 
CORRELATED WITH FEEDING HABITS 

Of the total fish taken, 127, the number infested with one or more kinds of 
Tvorm parasites was 76, or a percentage of 59.8, which by coincidence at least is 
practically the same as the 58.3% on a much larger number of Lake Erie fish, 
2,156, found by Bangham and Hunter (1939). Essex and Hunter, 1926, working 
in the Central States, obtained a 39% infestation in 652 fish examined. 

The number of fish examined is admittedly very small, especially for some 
.species, but it seems that the data should give some idea of the fish parasite relation 
of many of the fish types of these inland lakes. 

Consideration of the fishes by families is of some significance and allows for 
.some generalisation. It is not that phylogenetic relationship is of dominant 
importance, but food habits naturally are important in the matter of securing 
parasite infection and thus important for all fishes of a family having similar food 
habits. Where there is a striking exception, it can be seen that the difference in 
food accounts for the difference in parasites. Such is the case in the white crappie, 
utterly free of Acanthocephalan parasites, whereas all other Centrarchidae were 
heavily infested. (The percentage in the table for white crappie is due to a very 
light infestation of one of the six with a different but unidentified parasite.) 

The families with high percentage of infestation are Lepisosteidae (100%), 
Ameiuridae (80%), Esocidae (100%), and Centrarchidae (89.7%). 

The data on food of every fish taken was kept, but space limitation prevents 
inclusion here. 

The records on Lepisosteidae and Esocidae are based on meagre catches here, 
but their food habits are well known. Ameuridae may have more versatile food 
habits, but the five black bullheads contained chironomid larvae and snails only. 
The food of all the 66 members of Centrarchidae was comprised of fish, crayfish, 
snails, chironomids and other insects, and some Cyclops and Cladoceja in some 
young specimens. They were predominantly carnivorous. 

These families included the so-called game fishes and similar forms. 

One family, Percieae, more intermediate in degree of parasitism, comprises fish 
of versatile food habits. 

The three families least parasitized were Clupeidae (0%), C)rprinidae (18.7%), 
and Atherinidae (0%). These are definitely non-game fishes. 

The gizzard shad of the Clupeidae (already referred to) feeds largely on phyto¬ 
plankton and may take some mud. TTte Atherinidae feed primarily on plankton, 
(Sibley, 1929). Many of the Cyprinidae are known to be bottom fevers and 
scavengers and to a large extent feed also on plankton. For example, the blunt- 
nosed minnow is typical as well as versatile, as shown in a food study from these 
same waters, (Kraatz, 1928). 

It is clear that those fishes whose main diet is plankton and especially those 
feeding on phytoplankton, and bottom materials, show no parasitism or low degree 
of parasitism. 

CORRELATION OF PARASITISM WITH AGE OF HOST 

The parasitic fauna often changes markedly with age, a consequence of changing 
food habits. Most fish feed on minute Crustacea and other plankton when young, 
thus acquiring those parasites which utilize some of the small^ Arthropods as hosts, 
such as the Acanthocephala. As the fish grows older, if carnivorous, it begins to 
capture larger animal forms and then becomes expos^ to other parasitic worms, 
such as trematodes and cestodes. Data are. here presented for the blu^ill and 
large-mouth black bass. The Acanthocepludan Leptorhynckoides thecaius is found 
in TOth the young and mature bluegill and bass. The cestodes and trematodes 
occur only in the more mature bluegiUs. In the large-mouth bass, however, 
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Neascus ambloplUis appears primarily as a parasite of the immature fish, although 
the cestode Prateocepkalus ambloplUis is found only in the older fish. Because^ 
of their larger size and more voracious appetite the large-mouth bass might be 
infested by trematodes while still relatively young. 

TABLE II 

Effect of Age on Parasitism 


Figttres show percent of fish infested 


Parasite 

Bluegill 

Largemouth Bass 

Under 4' 

Over 4' 

Under 6' 

Over 6' 

L. tkecatus . 

91 

88 

77 

100 

P. ambloplUis ... 

0 

25 

0 

60 

N. vancleavii 

0 

25 

8 

17 

N. amhlopliiis 

0 

17 

69 

0 


SUMMARY 

A total of 127 fish, representing 21 species of 8 families, were taken from the 
Portage Lakes. 

Parasites were studied. Most were eudoparasites, a few leeches being the only 
ectoparasites. The classes Trematoda. Cestoda, Nematoda, Acanthocephala 
were represented; the Nematoda least of these. 

Acanthocephala, with Leptorhynchoides tkecatus in intestine, strikingly abun¬ 
dant, were the most common and widespread parasites. Neoechinorhynchus 
cylindraius was second in abundance of thomy^head^ worms. 

The trematode, occurring as metacercariac, Neascus vancleavii was also often 
abundant in liver and Neascus ambloplUis as a skin encysted parasite. 

Shallow water fish exhibit a higher degree of parasitism than deep water fish 
and those from a hard bottom more infested than those of a mud bottom. But 
Cestodes were commoner in deep water fish. 

Food habits have a marked relationship with parasitism Families Clupeidae, 
Atherinidae and Cyprinidae, which are more herbivorous and bottom and general 
feeders, had a collective percentage of parasitism of only 7.7%- 

The five other families, Lepisosteidae, Amciruidae, Esocidae, Percidae, and 
Centrarchidae, showed a collective infestation of 83.5%. These are chiefly 
carnivorous, and many of them game fishes. The Percidae were least infested 
of these five, and they are less carnivorous than the other four families. 

There is some correlation of parasitism with age of host, parasitic fauna changing 
with the changing food habits of the growing fish. 

Of the 127 fish, 76 or 59.8% harbored one or more species of worm parasites 
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A Survey ol Biology 

This book provides an excellent organization of subject matter that might be included 
in a survey course of biology for underclassmen of coUe^es or universities. It can also be 
recommencled to the layman who desires a general cultural kniowledge of biology and its integration 
with liberal education. It is refreshme to find that a book of tiSs scope can be written about 
the broad generalizations necessitated by its functions and yet make Uule or no sacrifice of the 
accurate factual information upon which these biological windples must be based. The four 
chief subdivisions concern the organism in its aspects as 1) an individual, 2) a member of its 
ra<’e, 3) a product of evolution and 4) a unit in a sockd-eoonomic complex. The first subdivision 
discusses the structures and functions of the human body and this is followed by a similar analysis 
of a typical seed plant. This section as well as that on evolution ia outstanding, giving one an 
excellent picture of man^s position in this world of living things. Peiiups some bsologists, 
including this reviewer, would desire more emphasis on human inheritance, taxonomic relatioii- 
ships, and the broader aspects Of ecology such as geographical distribution, social bdmvtor, 
conservation, personal and public health programs. The physical make-up of the book is 
attractive and there are sumcient iUustratioiis. The appenmx incltuies a brief survey of the 
plant and animal kingdoms, general references and a glonry.—/. G. Haub. 

Man and the Biolofical World by J. Bptod Rt^ers, Theodore H* Hubbell and C. Prends 
Byers. 607 pp. NewTcM-k, The McGraw-HiU Co.. 1942. $3.50. 



A NEW PRAIRIE SPIDER 


W. M. BARROWS 

Department of Zoology and Entomology, 

Ohio State University 

Many years of careful collecting in the prairie regions of the State of Ohio 
have yielded several new species of spiders. Among them is the following: 

SouesM nasuU n. sp. 

MaU ,—Length 1.8 mm. The thorax is dull ydlow suffused with sooty black. The legs 
and basal segments of the palps are light yellow. The projecting clypeus is light yellow above 
and below. The sternum U dtill yellow heavily covered with sooty black. Tlie abdomen is light 
yellow dusted with sooty black giving the appearance of being dull green. The sooty covering 
is speckled with tiny pin points of yellow and crossed by many bright rays of yellow which for 
the most part are directed laterally or posteriorly. Starting between the sef'ond pair of muscle 
impressions is a narrow sooty line which runs backward becoming narrower. The venter of the 
abdomen is dull green with two light boundary streaks which bow outward The spiracle is 
marked by a long light colored proc'urved line which is expanded at the ends 



Fig. 1. Souessa natuta Barrows, a. Dorsal view of male. b. Side view of male 
CqdialotJborax. c. Palpal organ of male. d. Epigynum of female. 

The palpal organ is much like that of Sau^ssa spini/era Camb.' except that the two terminal 
teeth are twisted around each other. The patella of the palp carries on its distal end a spur 
which projects down^td and inward (Fig. a and c). 

Fig, 1, b shows a laterd view of the male cephalothorax. 

FewKijW.-*'Length mm. The colors and markings are the same as the male in every 
detail, The head Js normal except that the plypcus is high, broadly rounded in front, and flares 
forward and outward. 

The epigynum is ^wn in Fig. 1, d. 

Twp males in prairie northwest of West Jefferson, Ohio. Sept. 23, ,1923. 

Five females from the same i^oce Oct, 19, 1924. 

*Cix>Sby and Bishop, Festschrift fur Emhrik Strand. Riga, 1936-37, II, p. 67. 




A NEW SPECIES OP ASTRAEOSPONGIA FROM THE MIDDLE: 

DEVONIAN OF OHIO 

JOHN W. WELLS, 

The Ohio State University, Columbus, Ohio 
♦ 

In the course of a study of the Middle Devonian bone beds of Ohio and adjoin¬ 
ing states a rich thanatocoenotic microfauna has been found in them, including 
many new types of skeletal parts of fishes together with lesser numbers of 
conodonts, ostracods, and foraminifera. Spicules of sponges are much rarer than 
other remains and all that have been found so far seem to pertain to a new species, 
of the peailiar octactinellid, Astraeospongia, described below. 

Family OCTACTINELLIDAE 
Genus Astraeospongia Roemer 1860 

Astraeoapongia ohiocnaia n. sp. 

(Figures 1-4) 

Description .—Known only from isolated beekitized spicules. Two specimens (Figs. 1, 2> 
have six horizontal rays and two vertical ones, the latter equal in length to the horizontal ones. 
In two other specimens (Pigs. 3, 4) the vertical rays are mere protuberances scarcely one-fifth the 
length of the horizontal rays. Total diameter across opposite horizontal rays, 1 to 1.5 mm. Rays 
club-shaped or bluntly ('ylindrical, about 0.26 mm. thick, fixed to a well-developed central disc. 



12 3 ,4 


Astraeospongia okiotnsist n. 9p. 

Fio. 1. Holotype (O. S. U. No. 194^), Columbus Is. bone bed, Marion Co., O.; 2, O. S, U. 
No. 19486, Columbus Is. bone bed, Franklin Co., 0.; 8, O. S. U. No. 19487, Columbus Is. bone 
bed, Crawford Co., O.; 4, O. S. U. No. 19488, upper Columbus Is., Ottawa Co., 0. All spicules 
enlarged 26 X. 


Occurrence and Material, —(a) In the bone bed at the top of the Columbus formation at the 
following localities; (1) J. and L. Snouffer quarry, east side of Scioto River, one mile south of 
Dublin, Franklin County, Ohio (1 specimen, O. S. U, 19486); (2) J. M. Hamilton and Sons quarry, 
east of highway 1.76 mi. north of Morion, Marion County, Ohio (2 specimens, including holo¬ 
type, O. S. U. 19480}; (3) National Lime and Stone Co. quarry on Broken Sword Creek, 1 mi. 
northwest of Spore, about 6 mi. northwest of Bucyrus, Crawford County, Ohio (1 specimen, 
O. S. U. 10487). 

(b) In the uppermost port of the Columbus formation in a road cut on the south side of 
Marblehead peninsula 2.6 mi. west of south of Lakeside, Ottawa County, Ohio (1 spedmeii, 
O. S. U. 19488). 
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Rgmarks, —This fonn is marked by the small size of the spicules which are on the average 
less than half as big as those of other Devonian species* In A, deooniensis Hinde (1887, p. 140, 
pi, 4, figs, 8-8c) from the Middle Devonian of Devonshire, the spicules are larger (2-5 to 6 mm,), 
with thinner, longer, more attenuate rays. A. meniscoides Dewalque (1872, pp. 23-26, pi, 1) 
from the Middle Devonian of Belgium and the Eifel, has larger sptoulcss (4 mm,) with no vertical 
rays and fusiform horizontal rays. A. hamUtenensis Meek and Worthen (1868, p. 419, pi. 10. 
fig. 6) from the Middle Devonian of Iowa, also has larger spicules (3.25 mm.) that seem to lack 
vertical rays and with horizontal ones 0.5 mm. in thickness and 1.5 mm. long. In A. rhenanum 
(Schlfiter) (1887, p. 23, pi. 2, figs- 7-9), from the Middle Devonian of the Eifel, the spicular rays 
arc relatively very long and slender, needle-like, 0.2 to 0,4 mm. thick, the total diameter of the 
spicules being 3 or 4 mm.; the central disc is very small and the vertical rays well-developed. 
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Schliiter, C. 1887. Ueber Scyphia oder Rcceptaculites comucopiae Goldf. sp. und einige 
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Waye of the Weather 

Everyone talks about the weather and no one can do anything about it. In a sc'holarly 
treatise Humphreys, a veteran weatherman of forty years experience, gives a comprehensive 
discussion of its various aspects. He presents only the most elementary knowledge of the weather 
by his readers, and discusses in detail not only such Bubjects as Structure of the Atmosphere, 
Distribution of Temperature, Water Vapor and Atmospheric Pressure, Wind and Precipitation, 
but also the meteorological instnimcnts employed and gives considerable history of the science. 
Of special interest are me chapters on such unusual subjects as Weather Music, Weather Percep¬ 
tions, Atmospheric Electricity and Atmospheric Optics. 

The literary stylo employed is of an unusually fine quality. The author does not hesitate 
to use rhyme and verse when appropriate. For example, “even the big eddies have smaller 
eddies upon them and the smaller eddies lesser eddies. As L. F. Richardson puts it, 

*Big whirls have little whirls that feed on their velocity;. 

Ami little whirls have lesser whirls and so on to viscosity.* ** 

The reader gains the impression that the writer knows what he is talking about, and that 
he has not sacrificed scientific accuracy on the altar of popular appeal. Indeed, the seeker of easy 
wid complete answers may be disappointed in this book. It is not light reading and in some 
instances the gleaning of worthwhile information is made tedious by unnecessary details. 

The volume is attractively bound and a splendid grade of paper is used. It is replete with 
excellent illustrations. Anyone interested in the “ways of the weather,*’ and this includes mast 
of ufi, Bh<mld find this book an illuminating reference.—D. C. Rife. 

Way* of tho Wetttier, by W. J. Humphreys, the Jaques Ciattell Press, Lancaster, Pa., 1942. 
14.00. 


Ohioana in Ariatloii 

Diayton, Ohio, is the place vriiere Wilbur and Ondlle Wright were bom and lived the greatest 
part of their lives. It was here that they desiped and conducted the first wind tunnel experi- 
meats In hwtary, The principles thus scientifically discovered enabled them to succeed where 
others had failed. The real achievement of this book, however, is not a eulogy on the simificance 
hi riieir activities. It is an interesting, well documented account of the experiences and personal 
Toaciittons to tbm which to Wrights had. Such an intimate personal analysis was possible 
only because Orville Wright hims^ participated by making a mass of original documents avail¬ 
able to to author, reading to entire manuscript, and by suggesting’corrections. Here is 
to true story ol to Wright ^nothers as they lived it.— Elhn F. Paddock. 

WWifct Beotofik by Fred C. Kriley, Harcourt, Brace and Ckjmpany, New York, 
$40 pp. tSAO, 



TWO NEW ULOTRICHALES 


EDGAR N. TRANSEAU 

Department of Botany, The Ohio Stale University, 

Columbus, Ohio 

Following are descriptions of two new species of green algae that are of interest 
because each contributes to our concept of the genus to which it belongs. Both 
descriptions have been held for some years in manuscript form in the hope that the 
plants might be studied cytologically before publication. 

Cfaaetonema omatum sp. nov. 

Filaments straight or irregular, with shorter lateral branches more or less at right angles to 
the filament, imbedded in the pectic sheath of Tetraspora and Draparnoldia. Vegetative cells at 



Fig. 1. Chaeionma omatum, filament with vegetative cells, 2 antheridia and 2 oogonia. 
Fig. 2. Part of a filament with mature oogonia only. Fig. 8. A filament with antheridia and 
sperm masses, also a terminal sporangium containing a swimming spore. Pigs. 4, 6, and 6. 
Vegetative cells and sporangia with swimming spores. Pic. 7. CoUechaHo samp&oHii, filament 
with seta, immature anthendium and odgonium, and mature odgonium. 

first 7 to lOfA in diameter, and 15 to 80 m long, later becoming enlarged toward the middle to 
14 to 20m, often with one to four rather short setae. . Reproduction by swimming spores, one or 
two of which may be formed within an enlarged vegetative cell. I>ev«Jopment of two Spores 
follows iimncdiatdy after division of the protoplast, with or without the formation of a sep- 
arating wall. The spores are 11 to ISm in diameter. 
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SexuAl reproduction occurs by the union of eggs and sperms foirzned in odgonia and 
antheridia. The oOgonia usually develop singly, or in pairs, on lateral branches, or from the 
terminal cells of main filaments. OOgonia are nearly globose, 18 to 22/i in diameter, with or 
without a terminal seta. Occasionally the oOgonia are ovoid and up to 28^ long. The oOgomal 
wall is marked by oblong pits, arranged more or less zonally. 

Antheridia form in ceUs, either of the main filament or of lateral branches, either before a 
principal division of the protoplast occurs, or following one or two divisions. Each daughter 
protoplast then divides internally, and apparently 32 to 128 sperms result. 

Apparently the plant is monoecious, but there are filaments present in the material that are 
forming only antheridia, others only o6gonia, and still others only swimming spores. 

This species was first collected on Tetraspora, from a pond near Birmingham, Alabama, 
April 11, 1925. In 1941 and 1942 it was again found by Dr. Elwyn Hughes in Halifax, Queen's 
and Lunenberg counties. Nova Scotia, where it was epiphytic on Tetraspora and Draparnaldia, 

Thallus epiphyticus, e filamentis irregulariter ramosis; ramuli rectangulariter exeuntes, 
distantea. Cellulis vegetativis vel subcylindricis vel unilateraliter inflatis; 1-4 setas gerentibus, 
7“I0;i latis, 2 -4- plus longioribus; oogoniis subglobosis 18~22 a< latis. Fig. 1-4J. 

Coleochaete sampionli sp. nov. 

During August, 1932, Dr. Homer C. Sampson collected algae in the vicinity of the Fulton 
Chain of I.akes in the western Adirondacks, New York, Among the collections were several vials 
containing species of Batrachospennuin from Quiver and Roupd Lakes. In the surface of the 
pectic sheaths there were large numbers of a small and very simple Coleochaete resembling C. 
pulvinaia in its mode of branching. In August, 1933, the plants were again found in abundance 
and this material contains all stages in the development of the reproductive organs. In the 
summer of 1934 the lakes were extremely low and the banks were exposed to the air and no 
specimens were found. In September, 1936, the water was unusually high and neither the 
Batrachospermum nor the Coleochaete could be found at any of the former localities, possibly 
because of previous fluctuations in the water levels. The species differs from C. pulvinata in its 
smaller dimensions, its spheroidal o6spore and the simi^rity and regularity of the cortication of 
the obgonium. Following are the characteristics of this species; 

Monoecious, filaments branching, prostrate, very irregular; cells 7 to 14m * 14 to 36m. irreg¬ 
ularly curved, cylindric or enlarged near the middle; young odgonium with an elongated 
trichogyne; mature odgonium globose, corticated, 36 to 38 m in diameter; antheridia small globose 
or pyriform cells that arise laterally from the vegetative cells; o6spore 29 to 36m in diameter. 
Fig- 7. 

Thallus epiphyticus, e filamentis varie ramosis; cellulis vegetativis 7-14m latis, 14-^6m longis, 
irregulariter curvalis, vel cylindricis vel in medio tumidis; oogoniis globosis, corticatis, diametro 
36-48m oosporis globosis diametro 29~36m; antheridiis vel globosis vel piriformibijs. 


Blood Ofoups Bad Tmudusion 

The third edition of Blood Groups and Transfusion is a comprehensive and authoritative 
treatise of the subject. It is a notable improvement over and enlargement of the second edition. 
Two new chapters have been added, one dealing with the transfusion of stored blood and blood 
subgtitutee, and the other with the Rh factor. So manjr changes were made in the other twenty 
chapters that the bbok was reset from new type. Detailed diKussions of the four blc^ gro^s, 
the history erf blood transfusion, and the techniques and results of transfusions are given. The 
most recent advances in regard to knowledge of the M and N agglutinogen the subgroups of A 
and AB, the P and X agglutinogens, and the secretor substances are considered. Substantial 
additions are included in the discussion of tbe^ cacial distributions of the Wood reactions. The 
genetics of the various blood reactions is thoroughly presented. This new edition should be 
cordially welcomed by physicians, students of human heredity and physical anthrof^k^ste^ 


Blood GfOttpo and Transfuaion. by Alexander S. Weiner. 
Springfldd, 111, 1948. f7.50. 


pp. 488. Charles C. Thomas, 



STUDIES OP THE GENUS EMPOASCA 
(HOMOPTERA. CICADELLIDAE) 

Part X.* Fourteen New Species of Empoasca prom Mexico 

RALPH H. DAVIDSON and DWIGHT M. DbLONG 
Department of Zoology and Entomology, 

Ohio State University 

This paper is a continuation of our study of the leafhoppers in the genus 
Empoasca. It deals entirely with species taken in Mexico. Species previously 
described by us from Mexico are as follows: serrula, dampfi, arator, prana, resupina, 
duodens, ingena, obsUpa, crocosUgmata, crocovittaia, and omani variety iguala. 

Bmpoucft caraba n. sp. 

Resembling madra somewhat in shape of lateral processes but with extra processes on 
aedeagus and a distinctly different dm^l spine. Length 3.5 mm. 

External characters, —Frons, clypeus, vertex, pronotum and scutellum yellowiah. Vertex 
slightly produced with a median stripe of white which extends across both the pronotum and 
scutellum. A white spot on each side of median line of vertex. Whitish spots on each side of 
median line of pronotum. Wings subhyaline with faint golden stripes, apices smoky. Female 
last ventral segment rounded with a slight median notch. 

Internal male genitalia .—Lateral processes heavy, broad at base, tapering gradually caudad 
to pointed tips that are directed slightly dorsad and gently curved outward. Aedeagus 
broadened medially with a sharp-pointed apical portion that is directed caudad and dorsad. 
A pair of long, straight, slender, pointed, processes arise at base of enlarged portion which ore 
directed caudad and dorsad, ending just before apex of aedeagus. The anterior projecting 
processes connect to the base of the dorsal spine which is broad, directed ventrad, but narrowed 
abruptly to a pointed slightly anteriorly directed tip. 

Holotype male, allotype female, and a large series of male and female paralypes from 
Corapan, Mich., Mexico, (432 Km.*) 10-2-41, collected by DeLong, Good, Plummer, and 
Caldwell. Also male and female paratypea from Mexico City, Meat, (west 18 Km.) 9-1-38, 
collected by DeLong; Toluca Road, Mexico, 11-24-88, collected by Caldwell; Tres Cumbres, 
D. F. (52 I^.) 10-21-41, collected by DeLong, Caldwell, Good and Plummer; Zitacuaro, Mich., 
(160 Km.) 9-29-41, and Tiixpan, Mich., (186 Km.) 10-^6-41, collected by the same men. Types 
deposited in the authors* collections. 

Rmpottca ftalsiM n, sp. 

A small species that appears tp be in the alhoneura group. The lateral processes and dorsal 
spine are characteristically shaped. Length 3 mm. 

External charaders.—-Color orange-red with smoky spots on the forewings. Vertex slightly 
produced with a median whitish longitudinal stripe which continues faintly across the pwmotum 
and a white spot on each side next to the eyes. In some specimens, there is another faint whitish 
spot back of each of those next to the eyes. Pronotum with a median and two lateral whitish 
spots on anterior margin. Wings hyaline with smoky spots. Female unknown. 

Internal mak genitalia ,—Lateral processes biroad hetsally, narrowed, than gradually broad¬ 
ened, directed caudad and dorsad to pointed tips. In ventral view they are Very btoad just 

‘Previous parts of this study have appeared as follows; Ohio Journal of Science, 32:893-401: 
36; 29-39; 36; ^280; 38; 9^; 39; llO-llS; 42: 123-126; and AxmaU pf the Entomologioal 
Society, 27; 604-009; 83: 608-611; 35; 105-109. 

•EHstanoe from Mexico City in kiloraetors. 
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before the apex, Aedeagus at apex appearing hour-glass shaped in ventral view. Near base 
of enlarged portion are anteriorly projecting pieces which connect to the base of the broad, 
curved, gently rounded dorsal spine. 

Hobtype male, and a series of male paratypes from Iguala, Guerrero, Mexico, ^11-30, 
collected by Dr. DeLong and a male paratype from Santa Engracia, Mexico, 11-&-3S, collected 
by Dr. J. S. Caldwell. Types deposited in the authors' collections. 

Bmpoasca aemanta n. sp. 

A small species with characteristic internal male genitalia and dorsal spine. Length 2.3 mm. 

External rAar(u;terr.-*-Generat coloratbn orange-yellow to light brown. Vertex rounded 
with a median and two lateral ivory spots. Three ivory spots near anterior margin of pronottim. 
Porewings tinged dark golden with smoky apices. Hindwings hyaline. Female unknown. 

Internal male genitoUa .—Lateral processes tapering gently, curving upward to pointed tips 
which are directed posteriorly and curved slightly outwardly. Aedeagus becoming broadened 
medially, with a long dorsally directed slightly curved apex and an anteriorly directed portion 
which is connected to the dorsal spine. Dorsal spine broad at base tapering quickly to a 
narrow, ventrally and anteriorly directed apex. 

Hobtype male, and 19 male paratypes from Iguala, Guerrero, Mexico, 9-11^9, collected 
by the junior author. Types deposited in the authors' collections. 

Smpoasca eerata n. sp. 

Resembling ingena in coloration but with long lateral processes similar to curtaia. Length 
3.5 mm. 

External characters .—General coloration pale to white marked with reddish to brownish spots. 
Vertex roundedly produced, with a median black longitudinal line, reddish centrally and lighter 
near the eyc«- Ivory spots surrounding ocelli and a small comma-shaped spot on each side of 
median black line. Pronotum dark reddish brown with a whitish triangular spot back of each 
eye. Scutellum dark reddish-brown. Wings sub-hyaline with forewings spotted reddish-brown. 
Female unknown. ? 

Internal male genitalia .—Lateral processes tapering gradually posteriorly to pointed tips 
which are directed upward and curve outward. Upper fourth of aedeagus enlarged with a 
posteriorly directed spine near base of enlargement and an anterior projection connecting to the 
base of the dorsal spine. Dorsal spine narrowed, directed downward to an anteriorly pointed tip. 

Hobtype male, and male paratype from Carapan, Mich., Mexico, (432 Km.) 
collected by DeLong, Plummer, Good, and Caldwell. Types in the authors’ collections. 

Empoaflca ctldweUl n. ap. 

A large species with distinct characters of the male genital chamber but resembling those of 
tkela and dUiiara* Loagth 4 mm. 

Etcternal cAaroderr.—QWieral coloratbn yellowish. Vertex rounded, with a median and 
two lateral ivory spots. Pronotum with four irregular ivory spots on anterior margin. Scutellum 
with two median longitudinal ivory stripes. Wings hyaline with brewings slightly tinged with 
yelkyar. Female last ventral segment truncate. 

Internal male geaiiteWa.—Lateral processes narrowed at basal half, becoming broader, directed 
postcrioriy and curving upward to pointed tips which appear claw-like. Aedeagus broadened 
near upper porttod with a bng anteriorly curving apex and an anteriorly projecting basal portion 
connect^ to the dorsal spine. A long narrow caudal process parallels the upper portion of the 
aedeagus and arises at b^ of broadened portion. Dorsal spine lobe-like, directed ventrally 
with a rounded blunt apex. 

{kfbtype male, all^ype female, and a male paratype from Mexico City, Mexico, collected 
by Dr, A. Dttinpf on 19-18-82, 10-27-81, and 8-6-3® respoctivriy. . Types deposited in the 
authofi* cdlaotk^ 

The take pleasure in nambg this species after Dr. J. S. Caldwell who has collected 

and described many epecam of Homoptera. 
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SmpoMOft biq^mta n. ap. 

Resembling bifurcata and other species of the faboe group, but with characteristic spines on 
the aedeagus. Length 3 mm. 

External charactefs .—General coloration golden to pale yellow. Vertex with ivory spotting 
and a very narrow, mediani dark, longitudinal Une. Pronotum with three ivory spots on anterior 
margin; scutdlum with median, longitudinal ivory striping and an ivory spot on each anterior 
comer. Forewings subhyaline with a faint yellowish tinge. Female last ventral segment 
rounded and slightly produced. 

Internal male genitalia ,—Lateral processes small, narrow, tapering gradually and curving 
caudally and slightly dorsally to pointed tips. Aedeagus narrow with a dorsally directed apex 
and a pair of medially located divergent sharp spines which are directed caudad. Dorsal spine 
notched at the apex forming two pointed tips, which are directed slightly anteriorly, the ventral 
one being the longest. 

Holotype male and allotype female from Finca Vergel, Chiapas, Mexico, collected by Dr. A. 
Dampf on 5-22-35 and 5-19-86 respectively. Types deposited in the authors' collections. 

Bmpoasca acanflia n. sp. 

A spotted species with characteristic shape of lateral processes and dorsal spine. Length 
3 mm. 

External characters ,—Frons and clypeus brown with a median white stripe which continues 
over the vertex to the pronotum. A white dot on each side of median line of vertex and a white 
stripe next to each eye. Pronotum brown with a white median spot and two lateral white spots 
on anterior margin. Wings brown with subhyaline spots and smoky apices. Female last ventral 
s«^ent roundedly produced. 

Internal male genitalia ,—Lateral processes, in lateral view broad at base, and bending rather 
abruptly at two points to form upward pointing tips. Aedeagus narrow, apical fourth slightly 
enlarged with caudal portion rounded and pointed upward and an anteriorly produced piece which 
connects to the dorsal spine. Dorsal spine broad at base, gradually tapering to a pointed apex 
which is directed ventrally and slightly anteriorly. 

Holotype male from Acapulco Road, Mexico, H-22-88, collected by Dr. J. 8. Caldwell. 
Female allotype and a male p^type from Tres Cumbres, D. P. Medoo, (52 Km.) lD-21-41, 
collected by DeLong, Caldwell, Plummer and Good. Types deposited in the authors' collections. 

Bn^oasea ttmm n. sp. 

Resembling sativae externally but with characteristic shape of lateral proceases and heavy 
dorsal spine as in delongi. Length 2.5 mm. 

External characters ,—Color golden yellow with white spots. Vertex slightly produced with a 
median and two oblique white spots on the dorsal side. Pronotum with a median broadly wedge- 
shaped white spot and lateral white spots on anterior margin. Scutellum with a median 
longitudinal white stripe. Wings hyaline with the first pair slightly tinged with yellow. Female 
unknown. 

Internal male genitalia ,—Lateral processes gradually tapered, curving upward to pointed 
tips which are bent inward. Aedeagus enlarged and round^ at apex with anterior processes 
arising at base of enlargement and connecting to the base of the dorsal spine. Dorsal spine heavy 
and long, tapered to a pointed tip directed ventrally and slightly anteriorly. 

Holotype male, and male paratypes from Iguala, Ouerreio, Mexico, 9-11-39, collected by 
the junior author and deposited in the authors' ooUectiona. 


Bmp oa aca adexa n. sp. 

A small spotted species resembling oeantha in coloration but with dlistinctly different lateral 
processes and dorsal spine. Length 2.5 mm. 

External character s.^Ftoub and clypeus brown with a median white stri^ which continues 
over the vertex to the pronotum. On each side of the median Une on margin of the vertex is a 
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white dot and a dash of white next to each eye. Dotaaliy the vertex has a white spot on each 
side of posterior margin next to the eye^ Prcmotum brown with a median gray longitudinal 
stripe, a white spot behind each eye and a thin median white spot on anterior margin. Wings 
brown vidth subhyaline spots. Female last ventral segment rounded and produced medially. 

Internal male lenilalia .—Lateral processes small, tapered gradually, curving caudally and 
dorsally with the rather pointed tips directed inwardly. Aedeagus narrow with apical third 
enlarged, rounded and directed doiWly with an anterior dorsally produced piece near base of 
enlargement which connects to the dors%l spine. Dorsal spine broad at base tapering gradually 
and curving ventraliy and anteriorly to a bifid apex, which is curved slightly inward. 

Holptype male, allotype female and male and female paratypes from Carapan, Mich., Mexico 
(432 Km.) 10-2-41, collected by DeLong, Good, Caldwell and Hummer. A male paratype from 
Acapulco Road, Mexico, 11-22-^, collected by Dr. J. S. Caldwell. Types deposit^ in the 
authors* collections. 


Empoaaea aerpola n. sp. 

A small species resembling gaUuxa in shape of lateral processes, but with a very long curved 
dorsal spine by which the separation can be easily made. Length 2.5 nun. 

External characters, —^Frons, clypeus, vertex, pronotum and scutellum yellow to golden. 
Vertex slightly produced with a faint median line and a dash of white on each side. Pronotum 
with two median and two lateral white spots on anterior margin. Wings subhyaline. Female 
last ventral segment truncate. 

Internal male genitalia ,—^Lateral processes short, slender, about same length as the styles, 
gently curving dorsad to inwardly curved tips. Aedeagus near apex long, narrow and dorsally 
directed, with anteriorly projecting pieces which connect to the base of the long narrow curving 
dorsal spine that almost parallels the pygofers. The tips of the spine are gently curved inward. 

Holotype male, allotype female, and two male and one female paratypes from Iguala, 
Guerrero, Mexico, ^11-39, collected by DeLong; one male paratype from Mexico City, ft-lft-31, 
collected by Dr. A. Dampf. Types deposited in the authors' collections. 

Empoaaea bulba n. sp. 

Resembling bicorna in shape of lateral processes but with very broad aedeagus in ventral 
view and a truncate dorsal spine. Length 8 mm. 

External characters ,—^Vertex roundedly produced, yellowish in color with some greenish 
areas and a very faint median line. Pronotum and scutdlum yellowish-green with a median 
whitish spot on anterior margin of pronotum. Wings subhyaline with a tinge of yeliowisb-green. 
Female last ventral segment roundedly produced. 

Internal male genitalia ,—Lateral processes in ventral view, short, stout, curving inwardly 
to tapered pointed tips which are bent axtd directed outward. Aedeagus very broad at apex in 
ventral view and me^lly notched, In lateral view the apex is enlarged and rounded with an 
anterior projecting piece near base of bulbous portion which connects to dorsal sj^e. Dorsal 
spine broad at base and narrowed slightly to a truncated ventraliy directed apex. 

Holotype male, allotype female, and male and female paratypes from Cordoba^ V. C. Mexkso, 
10-8-41, collected by DeLong, Good, Caldwelt and Plummer. Also three male paratypes from 
Carapan, Mich., Mexico, (432 Km.) 10-2-41, collected by the same men and one male paratype 
from Vera Crus, Mexico, Aug. 1034, collected by Dr. A. E^pf. Types in the authon' cotlectiona. 

Itopoaoea aapra n. gp. 

Resembling p&nderosa in shape of dorsal spine, but a much larger speeiip with heavier 
processes on the aedeagus. L&igth 4.5 mm. 

External characters, —Frons, clypeus, vertex, pronotum and scuteHum yellow-green. Vertex 
slightly produced with a faint median line. Pronotum with a whitish spot on anterior margin, 
subhyaline in central area and posterior margin. . Wings milky to subhyaline. Female last 
ventral segment roundedly produced. 
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InUrnal mfde genitaUc.-^Base <3i aedea^s with a pair of iong ptocesses exteading dorsaUy 
and caiidally. These are much heavier than those found in ponderosa but very nmilar to those 
of coccinea. Apical portion in side view, with a broad posteriorly directed piece that curves sharply 
and tapers abruptly to a dorsaUy pelted tip. Upper part of aedeagus attached to the base of 
the dorsal spine which is ventrally directed and dagger-shaped except for a shallow notch on the 
anterior margin. Bending at the notch causes the tip to curve slightly anteriorly. 

Holotype male, allotype female, and a large series of male and female paratypes from Rio 
Frio, £). F. Mexico, (55 Km.) collected by DeLong, Good, Plummer, and Caldw^ on 10-7-41, 
and a pair of paratypes from Acapulco Road, Mexico, 11-22-38, collected by J. S. Caldwell. 
Types deposited in the authors* collections. 

Bmpoasca gigantica n. sp. 

A very large species which resembles daciylata in shape of lateral processes but with char¬ 
acteristic dorsal spine and coloration. Length 5-5.5 mm. 

External characters .—Coloration somewhat variable in degree and intensity, the males 
showing the deeper tones. Frons and clypeus of males usually blaclc which extends to margin 
of vertex. From dorsal aspect this coloration appears as three black spots, one median and two 
lateral next each eye. Remainder of vertex greenish-yellow with a faint black median line and a 
green spot on each side. Pronotum greenish-yellow anteriorly, becoming darker centrally and 
posteriorly. Three darkened stripes often present on scutellum. Wings milky to hyaline with 
brown spotting. Females have similar coloration except for ydlow frons and clypeus and three 
black dots on margin of vertex. Female last ventral segment roundedly produced. 

Internal male genitalia .—Lateral processes in lateral view, long, curved slightly upward, with 
a dorsaUy projecting process just before the rounded apex. Aedeagus much broadened apically 
in lateral view. Dorsal spnne quite small and narrowed to a ventrally projecting tip. 

Holotype male, aUotyf.)e female, and a large series of male and female parat 3 q)es from Rio 
Fno, D. F. Mexico (55 I^.) collected by DeLong, Good, Caldwell, and Plummer on 10-7-41, 
and Mt. Popo, Mexico, 0-28-41, collected by the same men. Types deposited in the authors' 
collections. 


Bmpoofoa good! n. sp. 

A large species, resembling giganHca in rise and coloration, but with distinctly different 
dorsal spine and lateral processes, l^ength 5 mm. 

External characters .—Frons and cljrpoufl of males usually brown to black colored. This 
extends to the margin of the vertex which appears from dorsal view as three black dots, one 
median and two lateral, which are next to the eyes. Remainder of the vertex greenish-ydlow 
with a very faint median line. ProttOtum yellowish anteriorly, becoming daricer centrally 
and posteriorly. Scutcllum yellow in color. Wings hyaline with faint yellow striping and 
smoky apices. Females similar in color except for y^ow frons and clypeus and thm black 
dots on margin of vertex. Female last ventral segment ahnost truncate with a median notch. 

Internal male genitalia .—In lateral view, the lateral processes are directed posteriorly for 
one half their length, becoming broadened at this point and bending upward and tapering to 
pointed tips. Aedeagus in lateral view, enlarged near the apex into a book^Uke process which is 
directed upward and slightly anteriorly, Dorsal spine broad at base and gradually narrowed to 
a rounded apex which is directed ventrad. 

Holotype male, allotype female, and a large series of male and femaH paratypes from Car- 
apan, Mich., Mexico (432 Km.) 10-2-4X, all collected by Drs. D. M. DeLong^ J. 3. Caldwell, 
C. C. Plummer and Mr. E. E. Good. Other paratjrpes from Mexico City, D. F. 9-18-40, 
collected by DeLong; and Rio Frio, D. F. Mexico, 10-7-41, collected by the above named men. 
Types deposited in the authors* collections. 

The authors take pleasure in naming this species after Mr. E. £. Good who has coUected 
many interesting species of CicadelHdae. 
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IV.* Classified List of the Protozoan Parasites of the Orthoptera 
OF THE World. Classes Mastigophora, Sarcodina, and Sporozoa 

FRANK MERRICK SEMAKS 
The Ohio State University 
and 

Youngstown College 

This classified list of all protozoan parasites thus far reported for Orthoptera 
has been assembled for the purpose of making available from one source much 
information which formerly has been obtainable only by consulting and com- 
piaring a large number of books and papers.* 

Beginning with class, and continuing down through genus, a short, char¬ 
acterizing description is given for each group. That these descriptions are mutually 
exclusive will be seen by comparing two groups of the same level, i.e., two classes, 
two orders, etc. 

Under species, certain symbols have been used to relate the data under the 
various headings. Each reference is numbered and this is the number which is 
used to refer to that author under the other headings for that species. For 
example, a synonym followed by (1) indicates that author number (1), above, 
used that name for the parasite. Further, each host is indicated by a letter and 
followed by one or more numbers. The numB^^rs, of course, again refer to the 
authors who studied that host, and the letter is used to refer to the host in the 
following data. For example, under Leptomonas blaberae, the first parasite listed, 
we find under distribution '^Catuche, Venezuela'" followed by ‘^(la).” This means 
that author (1) above (Tejera) found L. blaberue in host {Blabera sp.) captured 
in Catuche, Venezuela. Where more authors, etc., are list^, the method is the 
same, the number always referring to the author and the letter to the host. 

In the lists of references, only works of a monographic nature are cited. This 
excludes most texts and general works, unless they contain original work in addition 
to mere compilation. In every case* only the first page of a reference is given, 
unless it is discontinuous, in which case the separate pages are given. 

In the host lists, only the accepted names are used. 

For habitat, i.e., the region of the insect in which the parasite was found, only 
'the accepted terminology is used. (References: Comstock, 1930; Imms, 1929.) 

Frequently, some localities are omitted under the heading “distribution.” 
This means that the author did not specifically state where his material was 
collected and where he did hie work. 


>PartI; Ohiojour. Sci.,86:31S-330. 1986. Part II: Ohio Jour. Sci., 39: 157-lSl. 1939. 
Pltrt III: Ohio Jovr. Sci., 41: 467-4^. 1941. 

*A bibliography will be included in a continued paper to appear in the next issue of this 
JtmitMd. 
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CLASSIFIED LIST 

Class L MASTIGOPHORA Diesing, 1863. 

Possess one or more flagella during the greater part of the life-history, and in the adult state 
always. 

Order 1. Protomonawda Blochmann, 1895. 

Possess few flagella (rarely more than 6), one nucleus, and are usually Without 'aoce^lory 
internal organs. . •' ^ 

Family 1. Trypanosomidae Dofleixi, 1901. 

Possess a single flagellum, and are parasitic in vertebrates, invertebrates, or plants. 

Genus 1. Leptomonaa Kent, 1880. Found only in invertebrate hosts, and 
never developing beyond the Leptomoms stage, showing only this and 
Leishmania forms in their life cycle. 

Leptomonas blaberae Tejera, 1026. 

References: (1) Tejera, 1926, 1382, 

Synonymy: Name unchanged. 

Hosts: (a) Blabera sp. 

Habitat: ? 

Distribution: Catuche, Venezuela (la). 

Leptomonas sp. 

References: (1) This paper, parts II and III. 

Hosts: (a) Parcoblatta virginka (Brunner); (b) P. laUi (Brunner); (c) P. pensylvanica 
(DeGecr); all by (1). 

Habitat: Hind-intestine, (la), (lb), (Ic). 

Distribution: Franklin (la), (Ic); Fairfield (lb), (Ic); Champaign (Ic); Hocking (lb); Logan 
(Ic); Madison (Ic); and Wa.shington (Ic) Counties Ohio. 

Genus 2. Herpetomonaa Kent, 1880 Found only in invertebrate hosts, 
but showing Letshmanta, Lept&monas, Crithtdia, and Trypanosoma types in 
their cycles. 

Herpetomonas periplanetae Laveran and Franchini, 2020. 

References: (1) Laveran and Franchini, 1920a, 145; (2) Laveran and Franchini, 1920b, 331, 
Synonymy: Name unchanged. 

Hosts: (a) Blatla orientalis Linnaeus, (1), (2). 

Habitat: Alimentary canal, (la), (2a). 

Distribution: Paris, France, (2a); Bologna, Italy, (la). 

Family 2. Cryptobiidae Poche, 1913. 

Possess two flagella, one of which is directed forward, while the other passes back¬ 
ward and is attached to the surface of the body, and may be raised into an 
undulating membrane. 

Genus 1. Cry^bia Leidy, 1846. Found in intestinal canal of fishes and 
seminal vesicles and spermatophores of molluscs and other invertebrates. 
Cryptobia gryllotolpae (Hamburger, 1911). 

References: (1) Hamburger, 1912, 216; (2) This paper, under synonymy, 

Synonjmy: Trypanoplastna gryllotolpae (I); Crypiobia jtryUotalpae (2). ^enus Crypiobia 
Leidy substituted for Trypanoflasma Laveran and Mesnil. See Kudo, 1981, 147.) 

Hosts (a) GtyHoialpa gryUotalpa Linnaeus (1). 

Habitat: Hind-intestine, (la). 

Distribution: Heidelberg, Germany, (la). 

Family 3. Bodonidae Doflein, 1901. 

Possess two flagella, one of which is directed backward as a trailing flagdlum. 

Genus 1 . Bmbadomosuu Macktnnon, 1911. Found in the intestine of mammals 
and insdbts. 

Smbadomomu blattae Bishop, 193L 
R^erences: (1) Bishop, 1931, 287. 

SynemymY: Name uncha^ed. 

Hosts: (a) Blatla orienlaUs Linnaeus, (1). 

Habitat: Hind-intestine, (la). 

Distribution: Cambridge, England, (la). 
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Order 2. Polymastigida Blochmann, 1884. 

Possess three to eight flagella, one to many nuclei, and frequently axostyle or axial 
filament. 

Tribe 1. Monozoa Calkins, 1926. 

Possess one cytostome and kinetic element. 

Genus 1.^ Retortamonas Grassi, 1879 Possess four flagella, one of which trails. 
Parasitic in the intestine of various insects. 

Retorfamonaa gryllotalpae Grassi, 1879. 

References: (1) Grassi, 1879, 448; (2) Grassi, 1881, 153, 161, et. al.; (3) Hamburger, 1912, 216. 
Synonymy: Retortamonas gri (and y) llotalpaet (1), (2); Schedoacercomonas melolonthoe, (1); 
5. grt (and y) lloialpatt (1); Monocercomonas inseclorum, (2), (3); Plagiomonnit Grx (and y) 
( 2 ). 

Hosts: (a) Larval gryllotalpae, (2). 

Habitat; Hind-intestine, (2a). 

Distribution: Rovellasca, Italy (?), (2a). 

Retortaznoiuit orthopterorum (Parisi, 1910) Wenyon, 1926. 

Reference's: (1) Parisi. 1910, 235; (2) Hamburger, 1912, 216; (3) Bdar, 1916, 243; (4) Wen¬ 
yon, 1926, 678: (6) Kudo, 1931, 159; (6) McAdow, 1931, 21; (7) Balch, 1932, 237. 

Synonymy: Trichomonas orthopterorum, (1), (2); Monocercomonas orthopterorum, (3), (7); 
Retortamonas orthopterorum, (4), (5), (6). 

Hosts: (a) Ectobia lappomca (Linnaeus), (1); (b) Blatiu orienkUts Linnaeus (1); (c) Grylio- 
ial^ gryllotalpa Linnaeus, (1), (2). Also report^ as Monocercomonas orthopterorum from Tipula 
ahdotntnalis, a dipteran. (See Gciman, 1932, 173). 

Habitat; Alimentary canal, (1(‘), (la); Hind-intesiine, (la), (lb), (Ic); rectum, (2c), 
Distribution: Heidelberg, Clermany, (2c); Ix>mbardy, Italy, (la), (lb), (Ic); Trentino, Italy, 
<lb), Baden, (?), (lb). 

Tribe 2, Diplozoa Calkins, 1926. 

Possess two cytostomes and kinetic elements. 

Genus 1 . Octomitus Prowaaek, 1904. Possess six anterior and two posterior 
flagella. Parasitic. 

OctomitttS peripUmetaa Betar, 1916. 

References; (1) Belar, 1916, 254; (2) Kudo, 1931, 162j (3) McAdow, 1931, 21. 

Synonymy: Name unchanged. 

Hosts: (a) "Kitchen-cockroach,” (1). 

Habitat: Alimentary canal, (la). 

Distribution: Vienna, Austria, (la). 


Order 3. IIypkrmastigida Grassi, 1911, 

Possess numerous flagella, a single nucleus', and may have axostyles and parabasal bodies. 

Family 1. Ij>phomonadidae Grassi, 1885. 

Flagella arise from the anterior end in a tuft. Parasitic in cockroaches and termites. 
Genus 1. Lophomonaa Stein, 1860. Parasitic in the colon of cockroaches. 

Lophomonu bUttanun Stein, 1860. 

References: (1) Stein, 1860, 49; (2) Butschli, 1878, 258; (3) Leidy, 1879, 204; (4) Kent, 
1880-1882, 821; (5) Grassi, 1881, 172: (6) Schuster, 1898, 242; (7) Janicki, 1908, 141; (8) Janicki. 
1910, 244; (9) Belar, 1916, 242; (10) Kudo, 1922, 113; (11) Kudo, 1926a, 191; (12) Kudo, 1926c, 
604; (13) McAdow, 1931, 15, 

Synonymy: Lophomonas Blattarum, (1), (5); Lophomonas blatiarum, (2), (3), (4), (6), (7), 
(8). (?}. (10). (11), (12), (13). 

Hosts: (b.) BUUta orientalis Linnaeus, (1), (2). (7), (8), (10), (11), (12): (b) Bhlla sp. (6); (c) 
Feriplansta americaha (Linnaeus), (6); (d) GryUotal^ sp., (8). 

. . • ' ... * 1. (dc). 


Habitat: Hind-intestine, (2a), (7 b), (8a), (8d); colon, 


(13?): rectum, (la), (13?). 


Distribution: Europe, (8a), (8d); Germany, (2a); Rome, Italy, (7a): Rovellasca, Italy ?, 
(5b); Urbaoa, Illinois, flOa), (11a), (12a); Ohio, (13?). 

Lo^omonu striata Batschli, 1878. 

References: (1) Bdtschli, 1878, 258; (2) Kent, 188(^1862, 322; (8) Grassi, 1881. 177; (4) 
Schuster, 1898,243; (6) Janicki, 1908,144; (6) Janicki, 1910,244; (7) Bdar. 1916, 242; (8) Kudo, 
1922, 113; (9) Yaldmoff and Miller, 1922a, 9; (10) Yakiinoff and Miller, 1922b. 133; (11) Kudo. 
1926c, 504; (12) Tejeia, 1926, 1382; (18) Lucas, 1928, 172; (14) Weill, 1929, 22; (16) McAdow, 
1931, 16. 
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Synon 3 rmy: Lophmonas striata, (1), (2), (6). (6), (7). (8). (9), (10), (11), (13)i (13), (14), 

(15) ; lA>pkam<>nai Striata, (3); Lophomonas sulcaUi, (4). (L. sukata was distumush«d by 
Schuster from L. striata chiefly on the basis of the gfreater size of the former. Kudo (1926c, 505) 
intimates that the size and characteristics described for L. sulcata are compr^eoded by those of 
I(, rfriciAi.) 

Hosts: (a) BlaUa orieniolis Linnaeus. (1), (5), (6), (8), (11); (b) Peripian^ amarkana 
(Linnaeus). (4), (14); (c) Gr^talpa sp., (6). 

Habitat: Alimentary canal. (4b), (13r); hind-intestine, (la), (5a), (6a), (6c), (14b): colon 
and rectum, (15?). 

Distribution: Europe, (6a), (6c); Germany, (la); Rome, Italy, (6a); French Indo-China, 
(14b): Urbona, Illinois, (8a), (11a); Ohi6. (16?). 

ClftSG 2. SARCODINA Hertwig and Lesser, 1874. 

Capable of changing the body form and forming pseudopodia, both for locomotion and 
food-capturing. 

Order 1. Amoebida Calkins, 1902. 

Body unprotected by any shell or skeletal structure. Cytoplasm differentiated into endo- 
and ectoplasm. 

Family 1. Endamoebidae Calkins, 1926. 

Endoparasitsc, with wide zoological distribution. 

Genus 1. Bndamoeba Leidy, 1879. Nucleus spherical or oblong with very thick 
membrane, Several endosomes. Parasitic in invertebrates. 

Ettdamoeba blattae (Bfltschli, 1878) Leidy, 1879. 

References: (1) Bfitschli, 1878, 273; (2) Leidy, 1879, 204; (3) Grassi, 1881, 184; (4) Schubot*, 
1905, 6; (5) Mercier, 1907, 1132; (6) Janicki, 1908, 148; (7) Merder, 1908b, 943; (8) Elmassian, 
1009, 144; (9) Janicki. 1909, 381; (10) Mercier, 1909, 164; (11) Mercier, 1910, 143; (12) Briar, 
1916, 242; (13) Kudo, 1922, 113; (14) Yakimoff and Miller, 19^b, 183; (15) Kudo, 1926b, 139; 

(16) Kudo, 1926c. 505; (17) Thompson and Lucas, 1926, 41; (18) Lucas, 1927a. 220; (19) Lucas, 
1928, 161 and 171; (20) McAdow, 1981, 13; (21) Balch, 1932, 237. 



orienlaUs** and '^Blattes/* respectivriy; later corrected by Yakimoff (1922b) and chang^ to 
Entamoeba blattae. For the same hosts, they give a Monas so. forigin?), Yakimoff and Miller 
including Lophomonas blattae (doubtless L. bla^rum Stein, 1860) and Oicomonas sp. (origin?), 
and Tejera includes Oikomoftas blatiarum (origin?) and Plagiostoma blattarum (undoubtedly 
Plagiotoma blatUirum Stein, 1869, now Nyciathrrus ovaHs Leidy, 1850.) 

Hosts; (a) Blatta orientalis Linnaeus, (1), (4), (5), (6), (9), (10), (11), (13), (16). (17), (19), 
(20); (b) Periplaneta americana (Linnaeus), (19). 

Habitat: Alimentary canal, (10a); hind-intestine, (la), (4a), (5a), (6a), (9a), (Ua), (17a); 
colon, (I5a), (20a); rectum, ^a). 

Distribution: I^ndon, England, (19a); France, (5a), (10a), (11a); Germany, (la), (4a): 
Rome, Italy, (6a), (9a); Rovrilasca, Italy (?). (3?); Urbana, Illinois, (13a), Baltimore. Maryland. 
(19b); Ohio, (20a). 

Endamoeba tbomzoni Lucas, 1927. 

References; (1) Lucas, 19^, 224; (2) Lucas, 1928, 173; (3) Smith and Barret, 1928, 272; 
(4) Taliaferro. 1928, 274; (5) McAdow, 1931, 14; (6) Bakh, 1982. 237. 

Synonymy: Entamoeba thomsoni, (1), (2), (4), (6); Endamoeba thomsoni, (3), (6). 

Hosts: (aj Blattella germanica (Linnaeus), (6); (b) BlaUa orientaUs Linnaeus, (6); (c) Peri¬ 
planeta americana (Linnaeus), (1), (3), (5). 

Habitat; Hind-intestine, (3c); colon and rectum, (5a), (5b), (5c). 

Distribution: England, (Ic); Charlotte, North Camlina, (3c); Ohio, (5a), (5b), (6c), 

Genus 2. Entamoeba Casagrandi and Barbagalto, 1695, Nucleus vesicular, 
membrane thin but distinct. Small cndosome. Numerous spedes in man, 
mammals and invertebrates. 

Entamoeba nana Tej^, 1926. 

References; (1) Tejera, 1926, 1382, 

Synonymy: Name unchanged. 

Hosts: (a) Blaberus atropos (Stoll), (1). 

Habitat: Alimentary canal, (la). 

Distribution: Venezuela, (la). 

Genus 3, EndoHnuuc Kuenen and Swellengrebri, 1917. Nticleua with definite 
membrane; large, irregular endosome^ Small parasitic atnorinae. 
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Badolituftc frhriitaft Lucas, 1927. 

References; (1) Lucas, 1027a, 220; (2) Lucas, 1027b, 220; (3) Weill, 1029, 23; (4) McAdow, 
1081, 21. 

Synonymy: Name iincbanged. 

Hosts: (a) BkUta orientaHs Linnaeus, (2); (b) Periplanfia americana (Linnaeus), (2), (3). 
Habitat: Hind-intestine, (2a), (2b); rectum, (3b). 

Distribution: Bnglsmd, (2a), {2b); French Indo-China, (3b). 


Class 3. SPOROZOA Leuckart, 1879. 

Possess Tto cilia or flagella. Occasionally move about by pseudopodia when immature, but 
nutrition is by absorption only. Usually non-motile and reproducing by spores. 


Subclass 1. TE1.0SPORID1A Schaudixm, 1000. 

Spores have neitho- polar capsule nor polar filament. Spore formed at the end of the trophic 
life and contains one to several sporosoites. 

Order 1. Gregarinida Botschli, 1882. 

Codosotc parasites in invertebrates. The vast majority do not undergo schizogony. 

Tribe 1. Acepkalinidea Kolliker, 1848. 

Body an unsegmented mass of cytoplasm. 


Family 1. Diplocysiidae Bhatia, 1030. 

Spores spherical or oval, with eight sporozoites. 


Genus 1. Biplocsretii Kunstler, 1387. (Not Penard, 1890. See Cu<hiot, 1897b.) 
Trophozoites fuse precociously to form spherical masses. Coelomic. 
Phflocyalit sdineideri Kunstler, 1887. 

References: (1) Kunstler. 1887, 25; (2) L4ger, 1892. 45; (3) Ubbd, 1899, 46; (4) Magalhdes, 

1900, 44; (5) Cu^ot, 1901, 598; (6) L^er and Duboscq, 1902b, 384; (7) Lflhe, 1904, 113, 139; 
(8) Woodcock, 1904, 127; (9) Schiffman, 1919, 81; (10) Jameson, 1920,207; (11) Bhatia, 1930, 161. 

Synonymy; DiplocysUs schneidtri, (1), (3), (4), (6), (7), (9), (10), (11); Diplocystis Schneideri, 

(2), (6), (8). 

Hosts: (a) Biatia orienktlts Linnaeus, ($), (10); (b) Periplaneia americana (Linnaeus), 

(I) . (10). i 

Habitat: Codom, (lb), (lOa), (10b); posterior mid-mtestinal wall, (10a), (10b). 
Distribution: London, England, (10a), (lOb); Prance, (lb). 

Diplocystis aui}or Cu^not, 1897. 

References: (1) Cu6not, 1894, 806; (2) Cu4not, 1895, 321; (3) Cu6not, 1897a. 54; (4) Labbd 
1899, 46; (5) L4ger and Duboscq, 1900, 1567; (6) Caullery and Mesnil, 1901, 84; (7) Cu6not, 

1901, 595; (8) Ix&er and Duboscq, 1901, 439; (9) Ldger and Duboscq, 19()2a, 41; (10) L^er and 
Duboscq, I9&b, 384, 462; (11) Lube. 1904, 93. 96, 113, 139, 161; (12) Woodcock. 1904, 127; (13) 
Dogiel, 1909, 201, 206; (14) Wellmer, 1910, 532; (15) Wellmcr. 1911, 144. 

Synonymy: Diplocystis sp.. (1); Diplocystis major, (2), (3), (4), (5), (6), (7), (8), (9), (10,) 

(II) , (12), (13), (14), (16). 

Hosts: (a) Gr^us doinesticus Linnaeus, (I), (2), (3), (7), (9), (14), (15). 

Habitat; Coelom, (la), (2a), (3a), (7a), (9a), (15a), (8?). 

Distribution: East rtnissia, (14a), (Ifia); Altkirch and Roscoff, France, (7a): Ardennes, 
Prance, (2a), (3a); Haute-Loire, France, {7a) j Joinville and Nancy, France, (3a), (7a), 


Didocystb minor Cu4not, 1897. 

References: (1) Cudnot, 1897a, 64; (2) Labb4, 1899, 46; (3) Cutfnot, 1901, 605; (4) I^‘ger and 
Duboscq, 1902b, 386; (5) Luhe, 1904, 113; (6) Woodcock, 1904, 127; (7) Dogiel, 1909, 206. 
Synonymy; Name unchanged. 

Hosts: (a) Gryllus dtmesHcus Linnaeus, (1), (3), 

Habitat: Coelom,"(la), (3a). 

Distribution; Reauvais and Chauny, France, (la), (3a); Sauville, Villerle-Tilleul, Vendresse, 
and Nancy, Proncer (3a). 


Tribe 2. Ceph^dinidea Delage, 1896. 

Body divided into two portions by a aeptum of the ectoplasm. 

Family 1. Greforiftidae Labb^, 1899. 

Associative or solitary; satellite with septum: Epimerite symmetrical, simple. 
Hn the opinion of the author, the mere observation of cytt development and 
dehiscence does not give conclusive evidence as to the identity of an adult found 
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in the same habitat, unless cyst fonnation is observed, whidi is rarely the case. 
Unless the latter phenomenon has been observed, cyst characters are disre¬ 
garded in the description of new species of Gregarinidae, and they are classified 
as far as possible on the basis of adult characteristics, comparing them with 
previously named sp^ies. In order to make possible a more accurate classi¬ 
fication of Gregarinidae than now exists, it will be necessary to determine 
methods of culturing species of gregarines so as to obtain them in large num¬ 
bers, and to perfect a technique for bringing about cyst fonnation under 
observation.) 


Genus 1. Leidyana^Watson, 1915. Solitary. Epimerite a simple, globular, 
sessile knob. Dehiscence by spore ducts. Spores barrel-shaped, m chains. 
Ireidyana gryllonim (Cu^not, 1897) Watson, 1916. 

References: (1) Cu6not, 1897a, 54; (2) Labb^, 1899,10; (3) Cu^ot, 1901, 594; (4) Watson, 
1916a, 120; (5) Bhatia and ^tna, 1924, 288; (6) This paper, parts JI and III. 

Synonymy: Ckpsidrina gryllorum^ (1); Gregarina macrocephala, (2); Oregarina gryllorum, (3); 
Leidyana (4), (5), (6). 

Hosts; (a) Gryllus asstmilis Fabncius, (6); (b) Gryllus doniesltcus Linnaeus, (1), (2), (3); 
(c) Gryllus spp., (5); (d) Netnobius sylveslris (Bose d'Antic), (2); (e) Nemobius fasciatus fasctalus 
(DeGeer), (6). 

Habitat; Alimentary canal, (lb), (2b), (2d); gkzard and mid-intestine, (5c); enteric ceca and 
mid-intestine, (6e); mid-intestine, (3b), (Oa). 

Distnbution: Ardennes, France, (2b), (2d), (lb), (3b); Nancy, Joinville, and Ro^ofiE, France, 
(3b); Lahore, India, (5c); Franklin and Washington Counties, Ohio, (6a), (6e). 

Leidyana erratica (Crawley, 1907) Watson, 1916. 

References; (1) Crawley, 1903a, 45; (2) Crawley, 1903b, 639, 641; (3) Crawley, 1907, 221; 
(4) Ellis, 1913c, 286; (5) Watson, 1915, 35; (6) Watson, 1916a, 118; (7) Kamm, 1922a, 133; (8) 
Bhatia and Sotna, 1924^ 288; (9) This paper, parts II and III. 

Synonymy; Gregartna acheiaeabbrevtalaet (1), (2); Slephanophara erratica^ (3), (4); Letdyana 
solilariat (5): Leidyana erratica. (6), (7), (8), (9). 

Hosts: (a) Gryllus assimiks Fabncius, (3), (6), (6), (9); (b) Grylhis ^p,, (8); (c) Nemobius 
fasciatus fasciaius (DeGeer), (9); (d) Nemobius fasciaius sodus Scudder, (9); (e) Anaxipha exigua 
(Say), (9); (f) Ha^hus agitator agitator Uhler, (9). 

Habitat; Alimentary canal, (6a); gizzard, (8b); enteric ceca, (9c), (6a); mid-intestine, (8b), 
(9a), (9c). (9d). (9e). (9£). 

Distribution; Lahore, India, (8b); Beach Haven, New Jersey, {3a); Cold Spring Harbor and 
Oyster Bay, New York, (6a); Champaign County, Ohio, (9d); Franklin County, Ohio, (9a); 
Delaware County, Ohio, (9e); Washington County, Ohio, (9a), (9c). (9e), (9£). 


Genus 2. Oregarinoidet Fantham, 1925. Biassociative. Epimerite small, 
globular, or cylindric. Dehiscence by simple rupture. 

Grtgarinoides locustanae Fantliam, 1925. 

References: (1) Fantham, 1923, 495; (2) Pantham, 1924, 438; (3) Fantham. 1926, 361; (4) 
Bush, 1928, 157, et. al. 

Synonymy: Reference, but name not used, (1), (2); Greearinoides heustanae, (3), (4). 

Hosts; (a) Locustana J^rdalina (F. Walker), (l), (3); (b) 36 ? species of “Acridiidae" common 
to Natal, South Africa, w. 

Habitat: Mid-intestine, (la), (3a). 

Distnbution: Pietermaritzburg, Natal, (4b); Johannesburg, Transvaal, (la), (3a). 


Genus 3. Oreguina Dufour, 1828. (Often incorrectly given as 1826.) Biasso¬ 
ciative. Epimerite small, globular or cylindric. Dehiscence by spore ducts. 
Spores barrel-shaped to cylindric. 

This classification is based, in part, on the presence of these gregarines in hosts 
of common classiheation, L e., hosts of the same family, etc. This is justi¬ 
fiable inasmuch as these groups of protozoan parasites from related hosts 
present certain marked resemblances, whether through adaptation or 
common ancestry. 

Division 1* AcUnocephalus-Wce aporonts. Hosts, Gryllidae, etc. 
Gregarina liyalocephaU Dufour, 1837. 

References: (1) Dufour, 1837. 13; (2) Siebold, 1839, 70; (3) Prantzius, 1846; (4) Diesing, 
1861, 11; (5) Dicsing, 1869, 731; (6) Lankester. 1^, 94; (7) Labb^, 1809, 84; (8) Watson. 1916a, 
97, 214. 

Synonymy: Name unchanged. 

Hosts: (a) Tridactylus variegatus (Latreille}, (1); (b) Tridaetyius spp., (1). 

Habitat; Mid-intestine, (la), (lb). 

Distribution: France, (la), (lb). 
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Orecuina conlca Dufour, 1837. 

References: (1) Dufour, 1837, 12; (2) Siebold, 1830, 70; (3) Desitiarest, 1845, 317; (4) 
Prantaius, ?; (5) EHesing, 1851, 8; (6) Diesing, 1859, 729; (7) Lankester, 1863, 95; (8) Watson, 
1916a, 125. 

STOonymy; Name unchanged. 

Hosts: (a) Gryllidae, spp., (1). 

Habitat: Mid-intestine, (la). 

Distribution: Prance, (la). 

Gregarina oblonga Dufour, 1837. 

References: (1) Dufour, 1837. 13; (2) Prantzius, 1846; (3) Frantzius, 1848, 195; (4) Diesmg, 
1851, 11; (6) Diesing, 1859, 732; (6) Lankester, 1863, 94; (7) Watson, 1916a, 96. 

Synonymy: Name unchanged. 

Hosts; (a) Locusta migratoria Linnaeus, (1); (b) A chela campesiris (Linnaeus), (1). 

Habitat: Mid-intestine, (la), (lb). 

Distribution: France, (la), (lb). 

Division 2. Gregarine more or less cylindric. 

Subdivision 1. Hosts, Blattidae. 

Group 1. Gregarine tenuous. 

Gregarina panchlorae Frenzel, 1892. Possibly there is a close relationship between this spanes 
and Proiomagalhaensia serpentula.) 

References: (1) Frenzel, 1892, 299; (2) Wasielewski, 1896, 138; (3) L&hU 1899, 35; (4) Ellis, 
1913c, 265; (5) Watson, 1916a, 103. 

Synonymy; Name unchanged. 

Hosts; (a) Panchlora exoleta Burmeister, (1). 

Habitat: Mid-intestme, (la). 

Distribution: Cordoba, Argentina, (la). 

Group 2. Gregarine thick. 

Gregarina ohloenaia Semans, 1939. 

References: (1) This paper, jiarts II and III. 

Hosts: (a) Parcoblaila virginica (Brunner), (1). 

Habitat: Mid-intestine, (la). 

Dislnbution: Franklin County, Ohio, (la). 

Gregarina thomasi Semans, 1939. ^ 

References: (1) This paper, parts II and III. 

Hosts: (a) Parcoblalta ^nsylvanica (DeGeer), (1). 

Habitat: Enteric ceca and mid-intestine, (la). 

Distribution: Fairfidd County, Ohio (la). 

Gregarina nUnenais Watson, 1915. 

References: (1) Watson, 1915, 34; (2) Watson, 1916a, 108; (3) Kamm, 1922a, 131; (4) Kamm, 
1922b, 84; (5) this paper, part II. 

Synonymy: Nome unchanged. 

Hosts: (a) Parcoblatia pensyivanica (DeGeer), (1). 

Habitat: Alimentary canal, (la). 

Distribution; Urbana, Illinois, (la). 

Orenuina parcoblattae Semans, 1939. 

References: (1) This paper, parts II and III. 

Hosts: (a) Parcoblatia uhlertana (Saussure), (1); (b) Parcoblalta pensylmnica (DeGeer), (1). 
Habitat; Mid-intestine, (la), (lb). 

Distribution: Fairfield County, Ohio, (la), (lb); Franklin County, Ohio, (lb); Washington 
County, Ohio, (la). 

Oregarina blattanim Siebold, 1839. (G. blaltarum described by Watson, 1916b, 73, appears to be a 
variation of that described in Europe, and is referred to dsewhere as “Watson variety'* 
as contrasted witti “Old World variety.*’) 

References; (!> Siebold, 1837, 408; (2) Siebold, 1889, 07; (3) Dujardin, 1845, 638; (4) 
Prantzius, 1840; (6) Prantzius, 1848, 193, 196; (6) Stein, 1848, 223; (7) Diesing, 1851, 10; (8) 
Leidy, 1868a, 239; (9) Leidy, 1856, 47; (10) Die^, 1859, 731; (11) Lankester, 1863, 86, 94; 
(12) Schneider, 1876, 92; etc.; (13) Bfitschli, 1881, 386; (14) Schneider, 1882, 424, 442; (U) Bal- 
biani, 1884, 13, 68. 170; (16) Kunstler, 1887, 82., 63; (17) Schneider, 1887, 74. 75; (18) Wolters. 
1891, 102, 107, llfi, 128, 131; (19) I^er, 1892, 45, 75, 98; (20) MarshaU, 1893, 26; (21) Pfeiffer, 
1893, 4. 132; (22) Schewiakoff, 1894, M2; (23) Wasielewski. 1896, 34, 1^; (24) Schuster, 1808, 
244; (26) UbW, 1899, 86; (26) MagalhAes, 1900, 38; (27) Ca^ery and Mesml, 1901, 84; (28) 
Cudnot, 1901,619; (29) L4ger and Dubosed, IWl, 441: L^er and Dul^scq, 1902b, 421, 428; 

(31) Crawley, lOOaa, 44;^) Craw^, 19(fib, 639; (38) Lfihe, 1904, 118, 134, iSO, 172; (34) Hall. 
1907,149,161, etc.; (36) Uger and Duboseq, 1909, 88, 98; (36) Wdlmer, 1910. 531; (37) Wellmer, 
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1911, 106, 113; (38) Blits, 1913b, 83; (39) EUis 1913c, 9S6; (40) Belar, 1916, 242; (41) Watsoo. 
1916a, 99: (42) Watson, 1916b, 73; (48) Pinto, 1918b, 822; (44) &hlffinan, 1919, 79; (4S) Lavoran 
and Fi'anchim, 1920b, 332; (46) Kudo, 1922, 118; (47) Tqera, 1926, 13M; (48) Pantham, 1929, 
389; (49) McAdow, Iwl, 11; (60) this paper, part II. 

Syiwnymy: Gregarina m., (1); Gretanna blaUarum, (2), (3), (4), (W, (18), (M), (24), (26), 


47), (48), (49), (60); Greganna BUMarum, (6), (7,) (9), (10), (11), {ld);Gr«fanaa JBIattae ontntaiu, 
8); CUpsi^na Blattarum, (12), (16), (17), (18); Ckps^rina Moflanm, (14), (IS), (16), (19), (21), 
22), (^), (26), (27), (30); Cregarina blaUae onentaM, (26). 

Hosts: (a) ParcoblaUa pensylvanka {DtGter), (14): (b) Blattdla gtmianUa (Linnaeus), (31), 
(41); (c) Blaffa orientalis Lfenaeus, (2),“(8), (12), (20). (22), (26). (28), (81), (36), (87), (42). (48). 
(49); (d) Peripianeta amsncaita (Linnaeus), (24). (31). (34). (41). (49). 


. (12), (20). (22). (26). 
.^4). (81). (84). (41) 


tat: Clo^om, (26c); alimentary canal, (2c), (8c) 


4). (41). M9). 
, (l2c). (^), 


(46c); eciteric ceca, (2^), (40c), (4M); mid-intes^e, (2^), (2^), (49c}, (4w). 

_ _M 1f3i_ /lOV- yno-\ Ta_/ 


, (81), (36), (37), (42). (48). 
!; (31b), (31c), (Bid). (42c). 


Gednxumyi 
olina, (31 


Subdivision 2. Hosts, Acrididae* 

Chreguinfl rigida colmtuu Semans, 1030. 

References: (1) This paper* parts II and III. 

Hosts: (a) Arphia ^tUphur^a (Pabricius), (1); (b) Ckortopkaia vifidifasdata (DeGeer), (1); 
(c) Encopioiophus sorMus (Burmeister), (I); (d) Pwdalopkora apicuiaia (Harris), (1); (e) Dis- 
sosteira Carolina (Linnaeus). (1); (f) Spharagemon bolU Scudder, (1); (g) 5. collate ceilare (Scudder), 
(1); (h) Melanomas obotfoUpennis (Blatchley), (1); (i) M. scudderi scudderi (Uhler), (1); (j) Af. 
differenHalis (Thomas), (1); (k) M, biviUotus (Say), (1); (I) Af. msxmnscr mextawfii (Saussure), 
(1); (m) AT. keeleri luridus (Dodge), fl). 

Habitat: Base of enteric ceoa, uGt (Ih), (Im); enteric oeca and mid-intestine, (la), (lb), 
(Ic), (Id), (le). (Ig). (li), Oi), (Ik). (H), (im). 

Distribution: Gary, Indiana, (Ig), (Ij), (Ik); Fairfield County, Ohio, (la), (lb), (Id), (li), 
(Ik), (11), (Im); Franklin County, Omo, (Ic), (lb); Licking County, Ohio, (le), (If), (4h), (Im); 
UmoU County, Ohio, (Ij), 


Oregarina rigida rigida (Hall, 1007) EUis, 1013. 

References: (1) Hall, 1907, 160, 169, etc.: (2) Crawley, 1907, 223; (3) Sokolow, 1911, 279; 
(4) Wdlmer. 1011, 108; (6) Ellis, 1913a, 464; (6) ElUs, 1913b, 82; (7) Ellis, lOlOc, 267; (8) Watson, 
1015, 34; (0) Watson, 1916a, 106; (10) Kamm, 19^, 23; (11) this {mper, parts 11 and Ill. 

Synonymy: HirmocysHs rigida (1), (3), (4), (6); Gregarina milano^t (2), (3), (6); Gregarina 
rigida, (7), (8), (0), (10); Gregarina rig^a rigida, (11). 

Hosts: (a) Chorthippus curiipenms curtipenms (Harris), (11); (b) ArpMa etdphurea (Fab- 
ricius), (11); (c) Encoptolophus sordidus (Burmeister)?, (0); (d) uissosieira Carolina (Linnaeus), 
(11): («) Spharagemon boUi Scudder, (11); (f) Brachystola magna (Girard), (5), (7); Cg) Schistocerca 
americana amertcana (Drury)?, (9); (h) Hesperoteltix viridis praeienm (Scudder^, (6); (i) Melano- 

g us obomtipennis (Blatchley), (11); (j) Af. differenMis (Thomas), (1), (9?), (11); (k) M, biviUaius 
fty)i (l)i v2), (6), (9?), (11); (1) M. femur-ruhrutn femuT-rubrum (DeGeer), (6), (9), (11); (m) 
Af. mexicanus mexicanus (Saussure), (9?), (11); (n) Af. heeUri luridm (Dodge), (6), (9?), (11); 
(o) Af. angustipennis (Dodge), (1), (9?). 

Habitat: Alimentary canal, (li), (Ik), (lo); gizzard, (111); base of ceca, (Ut), (lln); enteric 
ceca. (lla), (Uc), (lid), (llj), (Ilk). (111). (Um), (9?); mid-intestine, (11a), (Ub), (11c), (Ud), 
(lie), (Hg), (111), (Um). (lln). 

Distribution: Canon City, Colorado, (li), (Ik), (lo); Colora^lo Springs, Colorado, (9?); 
Urbana, Illinois, (9?); Gary, Indiana. (lla), (lid), (Ilk), (lira); Douglas Lake, Michigan, (6k), 
(61), (6n); Lincoln, Nebraska, (9?); Oyster Bay, New York, (9?); Fairfield County, Ohio, (lib), 
(lie), (Ilk), (Um), (lln); Franklin County, Ohio, (lie), (lid), (llj), (HI), (lln); Licking 
County, Ohio, (Hi), (lln); Washington County, Ohio, (llj), (111); Wynoote, Pennsylvania, (2kh 


Gregarina Jndianeneie Semans, 1930. 

References: (1) This paper, parts II and III, 

Hosts: (a) ChorthippHs curtij^nis curUpennis (Harris), (1); (b) Mdano^us differentiaUs 
(Tlionms), (1); (c) Af. biviUaius (Say). (1); (d) A/, moxicanus mexicanus (Saussure), (1). 

Habitat: Enteric ceca, (la), (lb), <lc), (Id); mid-intestine, (la), (lb), (Ic), (Id). 
Distribution: Gary, Indiana, (la), (lb), (Ic), (Id). 


Oregarina nigra Watson, 1015. 

References: (1) Wataoti, 1915, 33; (2) Watson, 1916a, 116; (3) Kamm, 1922a, 180; (4) Kamm, 
1922b, 84; (5) Bush, 1923, 154, et. ai.; (6) this papw', part IL 
S^onymy: Name unchanged. 

Hosts; (a) EncopioUphus sordidus (Burmeister). (1); (b) Zpnoctrus d$gd^ (Thunberg), (6); 
LenHda sp., (6); (d) CyrUscanthaoris ruficornis (Fabriciua), (6); (ts) Mmnoplus dijfermmiii 
(Thomas), (3), (4); (f) M, femurfemwr-rubfum (DeGeer), (1), (6), 

Habitat: Alimentary canal, (5b). (5c), (6d); mid-intestine, (6f). 
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Distribution: Pietertnaritsbux^t Natal, (5b). (5c). (5d); Urbana, Illinois^ (la), (If), (3e), (4e); 
Woshinirtcm County, Ohio, (6f). 

Onittritta locusUe Lankester. 1863. 

Keforeoces: (1) Leidy. 18^, 239; (2) Lddy, 1856, 47; (3) Diestng, 1859, 730; (4) Lankester, 
1863, 94; (5) L4ger, 18^, 10; (6) Ubb4, 1899, 85; (7) Crawley, 1003a, 54; (8) Crawley. 1908b, 
640; (9) Crawley, 1^, 225; (10) Ellis. 1913c, 268; (11) Watson, 1916a, 100; (12) this paper. parU 
11 and TIL 

Synon^y: Gregprina Locusiae CaroHnae, (1); Crfe|artna Locusiae cofoUiw^ (2); Gregarina 
Jmbrtata, (3); Greg^rtna Locusiae, (4), (6); Gregarina locusiaecaroUnae, (6); Stephanopkora locustae- 
carohnae, (7), (S); Gregarina loeustae-caroUnae, (9), (10); Gregarina locust^, (11), (12). 

Hosts; (a) DUsosteifa Carolina (Linnaeus), (1), (9). (I2). 

Habitat: Alimentary canal, (la); mid-intestine, (12a). 

Distribution; Gary, Indiana. (12a); Wyncote, Pennsylvania, (9a). 

Oreoariiia paranensis (Konckel d’Herculaia, 1899) Watson, 1916. 

References: (1) Kdnckel d'Herculais, 1899, 622; (2) Watson, 1916, 104. 

Synonymy: CUpsidrina paranensis. (1); Gregarina paranensis, (2). 

Hosts: (a) Sckislaeorca paranen^ (Burmeister), (1). 

Habitat: Alimentaiy canal, (la). 

Distribution: Parana, Argentina, (la). 


Oreiniiiia aoridlomm L4ger, 1893. 

References; (1) L4gttr, 1893, 811; (2) Wasielewski, 1896, 138, 139; (3)L^er, 1897, 27; (4) 
Labb4, 1899, 10; (5) Ldger and Duboscq. 1901, 440, 441; (6) L^er and JDub^q, 1902b, 381, 
423, 424, 430. 462; (7) LOhe, 1904, 91, M, 134; (8) Ldger and Duboscq, 1909, 88; (9) Wellmer, 
1910, 581; (10) Wellmer, 1911.112; (11) Watson, 1916a. 104. 

Synonymy: CUpsidrina acridiorunt, (1), (2), (5), (6); Clepsidrina Acridiorum, (3); Gregarina 
acridiorum, (4). (6), (6]|, (7). (8), (9). (10). (11). 

Hosts: (a) Tryxalis sp., (1), (3); (b) Oedtpoda coerulescens Linnaeus, (9), (10); (c) Sphingo- 
notus sp., (3); (d) Pamphagus sp., (l), (3); (e) CaUiptamus itaUcus (Linnaeus), (5), (6). 

Habitat: Alimenta^ canal, (la). (Id) (Sa), (3c). (3d), {6e); mid-intestine, (10b). 
Distribution: Nemours, Algeria, (la), (Id); France, (3a), (8c), (3d), (6e); Germany, 
(9b). (10b). 

Subdivision 3, Host, one of the Copiphorinae. subfamily of the 
Tettigoniidae. 

Orefarina dhaga^ Pinto, 1918. (It is singular that this is the only protozoan parasite of any 
kind described for Tettigomidae.) 

References: (1) Pinto, 1918a, 49; (2) Pinto, 1919, 8" 5 (3) Kamm, 1922a, 132; (4) Kamm, 
1922b, 84. 

Synonymy: Name unchanged. 

Hosts: (a; Neoconocephalus fraieUus (Griffini), (1). 

Habitat: Alimentary canal, (la). 

Distribution; Manguinhos, Brazil, (la). 

Subdivision 4. Hosts, GrylUdae. 

GreiHtfina Idngi Crawley, 1907. 

References: (1) Crawley, 1907, 221; (2) Sokolow, 1911, 279; (3) Ellis, 1913c, 271; (4) Watson, 


References: (1) Crawley, 1907, 221; (2) Sokolow, 1911, 279; (3) Ellis, 1913c, 271; (4) Watson, 
1916a, 106; (5) this paper, parts II and III. 

Synonymy: Gregarina Jbnjft, (1), (2), (4), (5); Gigaductus kingi, (3). 

Hosts: (a) Grylfus assimihs Fabricius, (1), (5). 

Habitat: Alimentary canal, (la); gizzard, (6a); enteric ceca, (6a); mid-iiitestine, (5a). 
Distribution; Beadi Haven, New Jwsey, (la); Franklin and Washington Counties, Ohio, 
(5a); Wyncote, Pennsylvania, (la). 

Grecariiui gaUlveri Watson, 1915. 

‘ References: (1) Watson, 1916, 33; (2) Watson, 1916a, 111; (3) Kamm, 1922a, 130; (4) Kamm, 
1922b, 84; (6) this paper, parte II and III. 

Synonymy: Name unchanged. 

Hosts: (a) GryUus wimiHs Fabricius, (1), (2), (5); (b) Hapiihus agitator agitator Uhler, (5). 
Habitat: Alimentary canal, (la), (2a); crop and gizzard, (6a), (6b); enteric ceca, (5a), (6b); 
mid4nte«ttine. (5a). (9b). 

Distribution: Bay, New York, (la), (2a); Franklin Ck>unty, Ohio, (5a); Washington 

County, Ohio, (6a), (5b)., 

Division 3. Complex of structural similarities. Hosts, Raphidophorinue, 
subfamily of the Gryhacrididae. 


tynonymy: Name unchanged. 

losts: (a) GryUus wimUis Fabricius, (1), (2), (5); (b) Hapiihus agitator agitator Uhler, (5). 
labitat: Alimentary canal, (la), (2a); crop and gizzard, (6a), (6b); enteric ceca, (5a), (6b); 


subfamily 

liadenoed Semans, 1939. 
ReferenceB: (1) This paper, parts 


be GrySacrididae. 


ReferenceB: (1) This paper, parts 11 and III. 
Hosts: (a) liodonoecus puieanus Scudder, (1). 
Habitat; Mid^intestme, <la). 

LHstribution: Washington County, Ohio, (la). 
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Gregarlna longiducta EtUs, 1913. 

References: (1) ElUa, 1913b, 78; (2) Ellis, 1913c, 266; (3) Watson, 19l0a, 107; (4) Kamm. 
1922a, 129; (5) Kamm, 1922b, 83; (6) this paper, part II. 

Synonymy; Name unchanged. 

Hosts; (a) Ceuthophilu!^ palMi^s E. M. Walker, (erroneously, according to T. H. Hubbell, 
called C- maculatus (Harris)), (1); (b) Ceuthophilus timidionalis Scudder, (erroneously, according 
to Hubbell, called C. lalens Judder), (1) 

Habitat: Alimentary canal, (la), (Jb). 

Distribution; Douglas Lake, Michigan, (la), (lb). 

Oregarina proteocephala Semans, 193^ 

References: (1) Thts pai)er, parts II and III. 

Hosts: (a) Ctuikophtlus paexUpts (Haldeman), (1). 

Habitat: Mid-mtostme, 

Distribution: Washington County, Ohio, (la). 

Oregarina sfygia Watson, 1915. 

References; (1) Watson, 1916, 33, (2) Watson, 1916a, 114; (3) Kamm, 1922a, 131; (4) Kamm, 
1922b, 83; (B) this paper, part II. 

Synonymy: Name unchanged. 

Hosts: (a) Probably Ceuthophilus gractlipes (Haldeman), erroneously called 6\ stygia (Scud¬ 
der), according to T. H. Hubbell. (1), (4). 

Habitat: Alimentary canal, (la). 

Distribution. Cold Spring Harbor, New York, (la). 

Oregarina consobrina Kills, 1913. 

References: (1) Ellis, 1913c, 267; (2) Watson, 1916a, 108; (3) Kamm, 1922a, 128, (4) Kamm, 
1922b, 83; (5) this paper, part II. 

Synonymy: Name unchanged. 

Hosts: (a) Ceuthophilus umformis Scudder, (1). • 

Habitat; ? 

Distnbution: Near Boulder, Colorado, (la). 

Gregaruia sp. 

References: (1) This paper, parts II and III, 

Hosts: (a) Ceuihopktlus diver gens Scudder, (1). 

Habitat; Mid-intestme, (la). 

Distribution; Franklin County, Ohio, (la). 

Oregarina neglecta Watson, 1916. 

References: (1) Watson, 1916b, 09; (2) Kamm, i922a, 131; (3) Kamm, 1922b, 83; (4) tliis 
paper, part II. 

Synonymy; Name unchanged. 

Hosts: (a) Uncertain. CeuthophUus nigricans Scudder, or, possibly, Ceuthophilus brevipes 
Scudder, or? (According to T. H. Hubbell.), (1), 

Habitat: ? (la). 

Distribution; Oyster Bay, New York, (la). 

Oregarina ceuthophlil Semans, 1939. 

References; (1) This paper, parts II and III. 

Hosts: (a) CeuthophUus gracilipes (Haldeman), (1); (b) Ceuthophilus brevipes Scudder, (1); 
(c) Ceuthophilus diver gens Scudder, (1). 

Habitat: Mid-intestine, (la), (lb), (Ic), 

Distribution: Fairfield and Washingtctti Counties, Ohio, (la); Franklin County, Ohio, (Ic); 
Licking County, Ohio, (lb). 

Grei^na prima Semans, 1939. 

References; (1) This paper, parts II and IIL 
Hosts: (a) CeuthophUus uhliri Scudder, (1). 

Habitat; Mid-intestine, (la). 

Distribution: Fairfield and Logan Counties, Ohio, (la). 

Oregarina udeopsyUae Watson, 1916. 

References: (1) Watson. 1916a, 117; (2) Kamm, 1922a, 131; (3) Kamm, 1922b, 84; (4) this 
paper, part IL 

Synonyiny: Name unchanged. 

Hosts: (a) Udeopsylla robusta (Haldeman), (1), 

Habitat: Mid-intestine, (la). 

Distribution: Urbana, Illinois, (la). 

Division 4. Le»dy(mo-Uke cephalont. Hosts, GryUidae. 

Oregarina nucrocephala (Schneider, 1876) Labbd, 1899. 

References: (1) Schneider. 1876, 18, 19, 32, 86; (2) Schneider, 1882, 442; (3) Schneider, 1885, 



No. 5 


PROTOZOAN PARASITES OF THE ORTHOPTERA 


231 


25; (4) Kunstler, 1887, 47; (5) Schneider, 1887. 73; (6) L^er, 1892, 67; (7) L6ger, 1893, 811; (8) 
Wasialewski, 1896. 34, 137;* (9) Cn6not. 1897, 54; (10) I4ger. 1897, 10; (11) Labb^, 1899, 10; (12) 
Cu4not, 1901, 695; (13) Liihe, 1904, 189, 149; (14) Watson, 1916a, 102. 

S 3 monyiny: Clepsidrina macrocephala^ (1), (2), (3), (4), (6), (6), (7), (8), (10); Ckpsidrtna 
gryllorumt {9); Gregarina macrouphala, (11), (12), (13), (14). 

Hosts: (a) Acheta camj^stris (Linnaeus), (1); (b) Gr^lus domesUcus Linnaeus, (9), (U); (c) 
Nemobius s^vestris (Bose a Antic), (2), (11). 

Habitat: Alimentary canal, (2c), (9b), (lib), (lie). 

Distribution: France, (la), (2c); Ardennes, France, (9b). 

Division 5- Protomerite of satellite almost obliterated. Hosts, Aery- 
diinae, subfamily of Acrididae. 

Oregarint acrydiinanun Semans, 1930. 

References: (1) This paper, parts II and III. 

Hosts; (a) Acrydium arenosum angustum Hancock, (I); (b) Pamtettix cucuUatus cucullatus 
(Burmcister), (1). 

Habitat: Mid-intestine, (la), (lb). 

Distribution: Franklin (bounty, Ohio, (la); Delaware County, Ohio, (lb). 


Division 6. Relationships not apparent. 

Oregaiina ovicepa Diesing, 1859. 

References- (1) Lcidy, 1853a, 238; (2) Leidy, 1856, 47; (3) Diesing, 1859, 728; (4) Lankester, 
1863, 94; (6) Ubb6 1899, 35; (6) Crawley, 1903a, 45; (7) Crawlev, 1903b, 639; (8) Crawley, 1907, 
220: (9) Ellis, 1913c, 266; (10) Watson. 1915, 34; (11) Watson, 1916a, 101; (12) Bhatk and Setna, 
1924, 287; (13) this paper, parts II and III. 

Synonymy: Gregarina Achetae ahbreviataft (1), (2); Gregarina oviceps, (3), (11), (12), (13); 
Gregarina Achetae^ (4); Gregarina achetaeabbreviatae, (5), (6), (7); Gregarina achelae-ahbrevialae., 
(8). (9), (10). 

Hosts: (a) Gryllus assimilis Pabricius, (1), (8), (9), (11), (13); (b) Gryllus spp., (12). 

Habitat; Alimentary canal, (11a); gizzard, (la), (12b), {13a); mid-intestine, (12b), (13a). 
Distribution; Lahore, India, (12b); Urbana, Illinois, (11 a); Douglas Lake, Michigan, (9a); 
Be&ch Haven, New Jersey, (8a); Oyster Bay, New York, (11a); Franklin and Washington Coun¬ 
ties, Ohio, (13a); Haverford and Pliiladelphia, Pennsylvania, (lla); Wyncote, Pennsylvania, (8a). 

Gregarina davinl L^ger and Duboscq, 1899. 

References: (1) L^ger and Duboscq, 1899, 38; (2) LSger and Duboscq, 1902b, 380, 461; (3) 
Merder. 1908a, 377; (4) Sokolow, 1911, 278; (5) WatsS., 1916a, 126. 

Synonymy: Gregarina Davini, (1), (2), (5); Clepsidrina davini, (3); Gregarina davini^ (4). 
Hosts: (a) GryUomorpha dalmaiina (Ocskay de OrskO), (1), 

Habitat: Mid-intestuie, (la). 

Distribution: France ?, (la). 


n 


Gregarina ovata Dufour, 1828. 

References; (1) Dufour, 1828, 367; (2) Dufour, 1837, 12; (3) Siebold, 1837, 408; (4) Ham- 
merschmidt, 1838; (5) Desmarest, 1845, 317; (6) Prantzius, 1846; (7) Frantzius, 1848, 195; 

8) Diesing, 1861, 10; (9) Leidy, 1853a, 233; (10) Diesing, 1859, 731; (11) Lankester, 1863, 94; 
12) Schneider, 1873, 516; (13) ^hneider, 1876, 90; (14) Schneider, 1882, 442; (16) Balbiani, 1884, 
.8; (16) Schneider, 1886, 25; (17) Wasielewski, 1896, 22, 83, 137; (18) Labb^, 1899, 10; (19) 
Paehler, 1904, 64; (20) Skdinitzler, 1905, 809; (21) D^er and Duboscq, 1909, 85; (22) Brindley 
and Potts, 1910, 836; (23) Wellmer, 1910, 631; {U) Wellmer, 1911, IM, 111; (26) Ellis, 1913c, 
266; (26) Watson, 1916a. 97; (27) Brindley, 1918, 167; (28) Sohiffman, 1919, 84; (29) this paper, 
part II. 

Synonymy: Gregarina ovata. (1). (2), (3), (5), (9). (7), (8), (9), (10), (11), (12), (15), (18), (19), 
(21), (22), (28), (24), (25), (26), (28), (29); Clepsidrtna conoidea. (4); Clepsidrina ovata. (13), (14), 
(16), (17). (20), (27). 

Hosts; (a) Acheta campestris (Linnaeus), (2); (b) ForfiaUa auricularia Linnaeus* (This insect 
bdongs to the family J>'orficulidae of the Dermaptera, formerly, but no longer, included in the 
Orthoptera.) (1). (12). (13), (19), (20), (23), (24), (27); (c) ForfUula sp., 

ifabitat: A&ientary canal, (lb), (19b), (20b), (22c), (24b), (27b); mid-intestme, (12b). 

Distribution: Prance, (lb), (13b); East Prussia, (23b); Marburg. Germany, (90b): St. Marys, 
Isles of Scslly, (27b); Fame Islands, (22c). 


Gtegariiu legerl Pinto, 1018. 

References; (1) Pinto, 1918a, 113; (2) Pinto. 19i8b, 322; (3) Pinto, 1919, 86; (4) Kamm, 
1922a, 140. 

Synonymy; Name unchang^. 

Hosts: (a) Periphnata americana (Linnaeus), (1). 

HaWtat: Alimentary canal, (la). 

Distribution; Rio de Janeiro, Brazil, (la)* , 
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Oretuisa Q>ha«mloaa Dufour^ 1837. (Only cyst is known.) 

References: (1) Dufour, 1837i 12; (2) Prantziua^ 

1858. 732; (5) Unkester. 186a» 84; (6) L4ger. 1892, Il2; 
19iaa, 126. 



Siynonymy: Grstarina spkaerulasa, (1), (8), (4), («5), (8); EirmoeysUs {r^hialpae, (6); Htrme- 
cysUs gryUoialpaet (7). 

Ho^: (a) Grj^talpa spp., (1); (b) Oedipoda spp., (1). 

Habitat: Mid-intestine, (la), (lb). 

Distribution: Prance: (la), (lb). 


Genus 4. ProtomagaUuieiiaia Pinto, 1918. Spcm barrel^Bhaped with spine at 
each comer. Spomnts attenuat<^, several individuals in association, often 
attached laterally. 

ProtxunacaUiaenaia aerpentola (Magalh&es, 1600) Pinto, 1918. 

References; (1) MagalhAes, 1000, 43; (2) Sokolow, 1911, 278; (3) Ellis, 1018c, 260; (4) Wat¬ 
son, tOlCa, 104; (5) Pinto, 1918b, 321; (6) Kamm, 1922a. 133. 

Synonymy: Gregarina serpentula, (1), (2), (3), (4); Protomagalkaensia serpenhUat (5), (6). 
Hosts: (a; P^ripianeta americana (Linnaeus), (1). 

Habitat; Coelom and alimentary canal, (la). 

Distribution: Rio de Janeiro, Brazil, (la). 

G^us 6. OamocystUi Schneider, 1875. AMociative. Protommte only in young 
stages. Sporulation partial, with spore ducts. Spores cylindric. 

Gamocystit tenaz Schneider, 1875. 

Rrferences: (1) ^hneider, 1876, 99, etc.; (2) Schneider, 1882, 444, 445; (3) Balbiani, 1884, 
13. 50; (4) Wasielewski, 1896. 36, 136; (5) Labb4. 1899, 12; (6) Luhe, 1904. 155; (7) Wellmcr, 
1910, 532; (8) Wellmer, 1911, 108, 122; (9) Ellis, 1913c, 271; (10) Watson. 1916a, 122. 

S^onymv: Name unchanged. 

Hosts: (a) Ectobia lapponica (Linnaeus), (1), (7), (8). 

Habitat; Alimentary canal, (la), (8a). 

Distribution: Prance, (la); East Prussia, (7a); Germany, (8a). 


Genus 6. Tettigonoepora Smith, 1930. Associative. Dehiscence by spore ducts. 
Spores spherical. 

XettigoiuwpCRra etenopelmati (Smith, 1929) Smith, 1930. 

References: (1) Smith, 1929, 57; (2) Smith, 1930, 445. 

S^onyxny: Coccos^ra stenopdmati, (1); TtUigonosj^a stenopelmaH, (2). 

Hosts: (a) Stenopdmaius pkius Scudder, (1); (b) Stenopelmatus fuscus Haldeman, (1); (c) 
Steno^lmatus iniermedius Davis and Smith, (2). 

Habitat: Ceca and mid-intestine, (la), (lb); excrement, (2c). 

Distribution: Central California, (la), (lb); Oakland, California, (2c). 


Genus 7. Hirmocyctis Labb4, 1899. AseodationB of from 2 to 12 or more. 
Epimeritc a small, cylindric papilla. Cysts dehisce by simple rupture. 
Spores ovoid. 

HirmoCTstis pyllotalpoe (L4ger, 1892) Labb4, 1890. 

R^erences: (1) Uger, 18^. 112; (2) Wasielewski, 1896, 35; (3) Uger, 1897, 11; (4) Labb^, 
1899, 13; (5) Watson, TOlOa, 123. 

Syncmi^y: Gregarina sphaeruhsa, (1), (4); EirmocyeUe grylioUUpae, (1), (2); EirmocysUs 
Grylhial^, (3); HirmocysUs gry^ialpaef (4), (5). 

HostoT (a) “Courtilitfes" fa giyUiS); (1). 

Habitat: Alimentary canal, (la). 

Distribution; Vallee du Clain, Poitou, Prance, (la). 


Family 2. Adinocephalidae Ldger, 1892. 

Sporonts solitary. Epimerite varied. Cysts dehisce by simple rupture. Spores 
irregular, biconic, or cylindro-biconic. 

Genus 1. Pileocepluto Schneider, 1875. Epimerite a lance-riiaped or simple 
cone. Spores ovoid, pointed. 

PUecoephahia tariivciim Semans, 1930. 

Reicrences: (ij This paper, parts II and III. 

Hosts: (a) Tathycines asinamorus (Adelung), (1). 

Habitat: Mid-intestine, (la). 

Distribution: Franklin County, Ohio, (la). 

Pileooe^iahia blnbme (Prenxel, 1892) Labb4;1899. 

R^^cesi (1) Ptenael, 18^, 300; (2) Warielewiki, 1896, 136; (8) Labb«, 1899, 20; (4) 
EUis, 1913c, 266; (5) Watson, 1916a, 123; (6) This paper, part IL 
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Synonymy; Cregarina biab*rae, (1), (2), (4); PiUocephaius hiaberae, (3)» <5), (6). 

HosU: (a) Blafiica dubia (Serville), aiid rented spmes, (1). 

Habitat: Mid-intestine, (la). 

Distribution: Cordoba, Ain^entina, (la). 

Genus 2. Actinocephalua Stein, 1848. Epimerite small, sessile or on a short 
neck, with 8 or 10 short, sharp spines or simple, bifurcate digitiform 
processes. Spores biconic. 

Division 1. South African species. 

Actinoeephalus ftpanteui Bush, 1928. 

References: (1) Bu^, 1028, 140, et. at. 

Synonymy: Name unchanged. 

Hosts; (a) ^'Majority of the grasshopper species.'* (This refers to 35 ? si>ecies of ^‘Acridiidae" 
euunined by Bush.) *' ... did not occur in Locustanc pordaitfca," (1). 

Habitat; Alimentary canal, (la). 

Distribution: Pietermaritzbvug, Natal, (la). 

Actlnocepludas sp. Bush, 1028. 

References; (1) Bush, 1928, 152, et. al. 

Hosts: (a) Parga xanthopiera (Stall, (1); (b) Catantops humeralis (Thunberg), (1). 

Habitat: Alimentary canal, (la), (lb). 

Distribution: PietermariUburg, Natal, (la), (lb). 

Actittocephalue am^icKriformli Bush, 1028. 

References: (1) Bush, 1028, 149, et. al. 

Synonymy: Name unchanged. 

Hosts: (a) ^‘Practically all the species of grasshoppers." (This refers to 35 ? species of 
‘‘Acridiidae" examined by Bush.) . . . "did not occur in Locustana pardalina.*' (1). 

Habitat: Alimentary canal, (la). 

Distribution: PietermariUburg, Natal, (la). 


Division 2. North American species. 

Acttnocephalus sp. 

References; U) This paper, parts II and III. 

Hosts; (a) Pardahphora a^cukUa (Harris), (1). 

Habitat: Mid-intestine, (1^. 

Distribution: Washington County, Ohio, (la). 

Actinocephahu fimbriatut (Dtesing, 1859) Watson, lOld. 

References: (1) Leidy, 185da, 239; (2) Leidy, 18M, 47; (3) Diesing, 1850, 730; (4) Crawley, 
1003a, 64; (5) Crawley. 1003b, 640; (6) Crawley. 1907. 226; (7) Ellis, 1013c, 278; (8) Watson, 
1016a, 124; (9) this pap^, part 11. 

Synonymy; Gregarina Locusiae Caraf«na«, (1); Gregarina Locustae carolinae, (2); Gregarina 
Jlmbriata, (3); Suphenopfufra iocusiaecar^dinaef (4), (6): SUphanophora pachyderma^ (6); Actino- 
c$phalus pachyderfnus^ (7); Actinocephaius fimbriatus, (8), (0). 

Hosts; (a) Disscsteira caroUna (Linnaeus), (1), (6). 

Habitat: Alimentary canal, (la). 

Distribution: Wyncote, Pennsylvania, {6a). 

ActInocaplialiM eloa|ata8 Semans, 1030. 

References: (1) ^is paper, parts 11 and III, 

Hosts: (a) Diehromor^ vtHdis (Scudder), (1); (b) Arphia sulphurea (Pabricius). (1); (c) 
Chortophapi viridifascutia (DeGeer), (1); (d) Scldstocerca atnericana amertcana (Drury), (I, A, 
thngatus ?); (^ Idelanoplus mexicanus mexicanus (Saussure), (1, A. elonjpUus ?). 

Habitat; Coelom, (Ic); enteric ceca, (Ic), (lb); mid-intestine, (la), (Ic), (Id). 

Distribution; Failed County, Ohio, (Ic); Franklin (bounty, Omo, (Id); Washington 
County, Ohio* (la), (lb), (Ic), 

Genua 3, Lefeiia Labb4, 1800. Epimerite not known. Protomerite dilated and 
nOissive. Septum convex upw^. Spores cylindro-conic. 

Legerit sp. Bush. 1028* (Possit^y the immature of the South African Gregarina nigra Watson. 
See this paper, part 11. under Gregarina indianensis n. sp.) 

References: (I) Bu6th,,1928,153, et. al. 

Hosts; (a) PldoeondkiS Jugaius (P. Walker), (1). 

Habitat; Alimentary canal, (la). 

Distribution; Pietermariteburg, Natal, (la). 


Subclass 2. Nbosporidia Sohaudinn, 1900. 

Spores fcvmed more or less continuously throughout the tttmhic stages, the sporoblasts being 
eanied about with the oiganistn, which n^y ultimately become a huge mass of spores. 
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Order 1. Microsporidia Balbiani, 1884, 

Small spores^ frequently less than 5 microns in length. Possess one, or exceptionally, two 
polar capsules, which under pressure extrude exceedingly long filaments. 

Family 1, Nosetnaiidat Labb4, 1899. 

Ovoid or pyriform spores developed from uninucleate rounded bodies which are the 
products of multiple or binary fission of the vegetative forms. 

Genus 1, PUttophora Gurley, 1893. Each sporont gives rise to many spores, 
more than 10, - 

Plistophora periplanetae (Lutz and Splendore, 1903) Perrin, 1905. 

References: (1) Schaudinn, 1902, 309; (2) Lutz and Splendore, 1903, 154; (3) Perrin, 1905, 
204; (4) Mercier, 1906a, 1083; (5) Perrin, 1906, 615; (6) Mercier, 1908a, 373; (7) Mercier, 1908c. 
41; (8) Shiwago, 1909. 647; (9) Wellmer. 1010, 532; (10) Epstein, 1911, 677; (11) Sbiwago, 1911, 
49; (12) Wellmer, 1911, 145; (13) Swarezewsky, 1914, 50, 74. 91; (14) Georg4vitch, 1926a, 1191; 
(15) Georg6vitch, 1926b, 102, 104; (16) Georg^vitch, 1927, 9. 

Synonymy; Not named, (1); Nosenm peri^netae, (2); Pleisiophora periplanetae, (3), (5), 

(8) , (9), (iO), (11). (12). (13), (14), (16); Pltstophora f>eri^netae, (4), (7.) (16), (17), 

Hosts; (a) BlaUeUa germanica (Linnaeus), (12); (b) BlaUa orientaUs Linnaeus, (3), (4), (8), 

(9) , (10), (12), (14); (c) Periplaneta americana (Linnaeus), (2); (d) “Blattes,” (15). 

Habitat: Alimentary canal, (2c); Malpighian tubules, (3b), (4b), (8b), (10b), (12a), (12b), 
(15d). 

Distnbution: Brazil, (2c); England, (3b); France, (4b); Konigsberg, Germany, (12b); 
Munich, Germany, (10b); East Prussia, (9b); Moscow, Russia, (8a), (8b), (10b); Belgrade, Yugo¬ 
slavia, (14b). 

Species related to Plistophora periplanetae (Lutz and Splendore, 1003) mentioned by Lutz 
and Splendore, 1903. 

References: (1) Lutz and Splendore, 1903, 164. 

Hosts: (a) Gryilatalpa sp,, (1). 

Habitat: Micf-intestine,» wall, (la). 

Distribution: Brazil, (la). 

Species related to Plistophora periplanetae (Lutz and Splendore, 1903) mentioned by Perrin, 1906. 
References: (1) Perrin, 1W5, 208. 

Hosts: (a) Blatta orienialis Linnaeus, (1). 

Habitat: Malpighian tubules, (la). 

Distribution: England, (la). 

Plistophora sp. Mercier. 

References: (1) Mercier, 1908, 373; (2) Kudo, 1924, 178. 

Hosts: (a) Blatta orienialis Linnaeus, (1). 

Habitat: Fat bodies, (la). 

Distribution: ? 


Order 2. Haplosporidia Luhe. 1900. 

Spores spherical or ovoid, the surface variously marked with ridges, but without polar 
capsules. Possess a tail-like process in some cases. 

Genus 1. Coelosporidiont Mesnil and Marchoux, 1897. Body small, forming 
cysts. Spore without a filament. 

Coelosporidium periplaiietae (Lutz and Splendore^ 1903) Swarezewsky, 1914. 

References: (1) Lutz and Splendore, 1903, 164; (2) Crawley, 1905, 168; (3) CauUery and 
Mesnil, 1906, 108, 160; (4) Doflein, 1909, 810; (6) WeUmer, 1911, 146; (6) Swarezewsky. 1914, 
91, 101. 104; (7) Kudo, 1922, 113; (8) Kudo. 1924, 188; (9) Georg4vitch, 1927, 9; (10) Kudo, 
1931, 332. 

Synonymy: Nosema peri^netae. {1): Coelosporidium blaUellae, (2), (3); Bertramia hUUeUae, 
(4). (5); Coelosporidium peripkinetae, (6). (7), (8), (9). (10). 

Hosts: (a) BlaUeUa germanica (Linnaeus), (2), (6); (b) Blatta orientalis Linnaeus, (7). 
Habitat: Malpighian tubules, (2a), (5a). 

Distribution; K^igsberg, Gein^ny, (5a); United States, (2a); Urbana, Illinois, (7b). 
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CONTRIBUTIONS TO THE STRATIGRAPHY OF THE 
ALLEGHENY SERIES IN COLUMBIANA AND 
MAIfONING COUNTIES, OHIO 

Part I. Stratigraphy and Correlation of the Coals and 
Limestone Below the Lower Kittanning Coal 

MYRON T. STURGEON. 

Michigan State Normal College, 

Ypsilanti, Michigan 

The general stratigraphic section and many of the details of the geology of 
Columbiana and Mahoning Counties are known from the published reports pf 
Newberry, Orton, Stout and Lambom, and others. As time goes on, however, 
new data that add to the already existing store of geologic Imowledge or that 
necessitate some minor revision of the present correlation of the various strata 
are discovered. Some years ago I began the study of the invertebrate fossils of 
the Allegheny Series in that portion of these two counties within the Lisbon 
■Quadrangle, and as the study has progressed some new facts concerning the 
stratigraphy have been found. It is propos^ to present this new information in 
three separate parts under the general title given above (see Fig. 1): 

Part I. Stratigraphy and Correlation of the Coals and Limestone below the 
Lower Kittanning Coal. 

Part II. Stratigraphy of the Middle Kittanning Coal between Greenford and 
Washingtonville, Ohio. 

Part III. Stratigraphy, Petrology, and Paleontology of the Salem Limestone. 

location 

There are two coals and one shaly marine limestone below the Lower Kittanning 
«)al and above drainage in the northeastern quarter of the Lisbon Quadrangle. 
TTie limestone is closely associated with the lowermost coal, and these two members 
occur in Actions 4, 7, and 18, Green Township, Mahoning County. Other 
exposures of the same members are known further north in the adjacent Warren 
•Quadrangle, and this same coal without the overlying shaly limestone may be 
present ^ong Little Beaver Creek south of New Albany. 

The Lower Kittanning coal is 25 to 35 feet higher than the above members, 
.and a few intihes to several feet below the base ot the Lower Kittanning coal 
the second coal which is normally thin and irregular in distribution. This second 
•0^ is present in localities under consideration at pr^nt from the northern edge 
of tile Lisbon ^adrangle at least as faf”south as Section 15, Salem Township, and 
also at Coleman in Section 9, Center Township, Columbiana County. It is 
reasonably certain that the lowermost coal and the limestone are the Clarion and 
Vwport members, respectively, and the coal occurring just below the Lower 
KittWiitig coal is without doubt the Lawrence coal. 
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The various known localities of these three members in this vicinity are shown 
in Figure 2, and the stratigraphic sections are plotted in Figure 4. 

STRATIGRAPHY 

Clarion Coal and Vanpori Limestone, —Lamb, who was apparently the first to 
observe and mention the Vanport limestone in this area, described it in 1910 under 
the name of Howenstein limestone on the Ira Unger farm along a tributary to 



Pig. 1. Map of Ohio showing location of Columbiana and Mahoning counties and 
the Lisbon and surroundmg quadrangles. 

Meander Creek in the northwest quarter, Scsction 4, Green Township, Mahoning 
County.^ The strata along this small stream are of special interest; for there 
are two closely associated coal beds further upstream on the John Ewing (now 

*Lamb, G. F.: Pennsylvamon Limestones of Northeastern Ohdo ftefow the Lower KUtanning 
Coal, Ohio Naturalist, vol. 10, pp. 116-117. (1910.) 
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Pig. 2. Northeaitem portion of the Libson Quadrangle ehowi^ locations of stratigraphic 
sections described in the text and shown in the correlatioi diagram (Fig. 4). 
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Ray Hagstrom) farm in the southwest corxier of Canfield Township, Mahoning 
County. These two coals were form^lpr mined, although the lower coal was 
very poor quality (See Figure 3A). Mining probably began before 1878, for in that 
year Newberry wrote as follows.^ 

“On the Brving £ann, in the southwest comer d Canfldd (township) it is two and a half 
feet thick, two feet bituminous, and six inches of the upper part cannel. Here another coal 
seam two feet thick, probably Coal No. 3a, lies about eight feet under it, but the interval is 
usually much greater." 

Although Newberry wrote '"Erving*' instead of ‘^Ewing/* the location and 
description given are those of the locality under discussion. 

Oi^n visited the locality when the mining of the upper coal was still in progress, 
and identified it as the Canfield Cannel or Scrub Grass or Upper Clarion coal in 
1884.* Orton's interpretation would identify the lower coal as the Clarion as 
recognized in the standard section for the Pennsylvanian System by the present 
(^logical Survey of Ohio.* The mines are long since absmdoned (See Pig. 3B) 
and oifiy the upper coal can be seen in very limited exposures near the old mine 
entrance and along the adjacent road. In Augi^t, 1938, I visited this valley and 
with the help of information from Mr, Elmer Ewing and Mr. Ira Unger determined 
the following section and interpretation of it; 


15. 


14. 

13. 


12 . 


11 . 

10 . 

9. 


Lower Kittonning 


Glacial till,.., 

"Draw slate". 

Coal: cannel.. 

Coal: bituminous. 

Clay: plastic... 

Shale. 

Coal: bituminous, poor quality, Lawrence. 




3. Clay; plastic (?) 

7. Shale: gray, arenaceous, with few plant fossils. 

6. Shale and sandstone: u{^r 15-18 feet consists largely of gray, fine 
grained, thin bedded, and micaceous sandstone with some mter- 
bedded shale layers, lower part is gray, arenaceous, and micaceous 
shale with layers or lenses of fine grained sandstone up to several feet 
in thickness. 

5. Shale: gray, fossiliferous, with clay ironstone con* | 
cretions...*... 


4. Limestone; dark gray to black, somewhat flinty in 
appearance, but actually not siliceous, shaly fi^ppear- 
ance on weathering, fossiliferous. 

3. Shale; dark gray, fossiliferous, with i*inch ferrugmoua 
layer at tc^), exposed... 

2. Ck)vered interval.*. 


Vanport, 


1. Coal: reported to be thin, Clarion. 


19 ' 6 ' 
1 ' 6 ' 
0 ' 6 ' 
V 10' 
7' 0' 

r 0' 

1 ' 10 ' 
to 

3' 2' 
9 ' 0 ' 


30' 0' 
3' 9' 


1 ' 6 ' 

V 6' 
17' e' 


•Newberry, T. S.: Report on ike Geology of Mahoning County* Geol. Sure. Ohio, vol. Ill, 
pp. 795-706. (1878.) 

Klrton, Ed.: The Sir<Uigxophieal Order of ihe Coat Measures of Ohio, Gecfl. Surv. 
Ohio, vol. V, pp, 81 and 34. (1884.) 

^Bownocker, J. A., and Dean, E. 6.: Analyses of ike Coats of OkiOf Oeot. Sitry. Ohio, 4th 
series, BulL 34, chart opposite p. 6. (1929.) 
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3. A« The Bwiag Mine from the south side at about the time of its abandonment 
in 1908 or 1909. The white line marks the approximate dip of the Lower iUttaiminacoal towa^ 
the east, and the arrow pointa to the entrance of the alcpe to the Lawrence ooaL two men 
are John (left) and Elmer Ewing. Original photo by Herbert Knauf; reproduced here through 
the oourteey dt Elmer Ewing, 



1^. 3, B. The above location today (May, 1943) from the southeast. The young man is 
standiniK on the same mound the Ewings are in the above picture. 
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The Clarion coal is not exposed and is reported by Mr. Unger from a test drill 
hole. Orton reported fragments of a blue fossiliferous limestone above the cannel 
coal, and if these fragments were in place, they undoubtedly represent the Hamden 
lim^tone. 

"Mr. Nick Weingart formerly operated a small mine on the Clarion coal on the 
north side of the Little Beaver Creek in the east-central part of Section 7, Green 
Township, Mahoning County, I measured the following section in December, 
1932: 


7. Shale: dark gray* argillaceous, sparingly fossiliferous, 
exposed. 

a. Shale: similar to zone 5 but thinner bedded, very 
fossiliferous. 

Shale; dark gray to black, very fossiliferous; with an 
almost contmuous layer of pyritiferous and fossil¬ 
iferous limestone nodules. 


Vanport. 


4. Coal; with numerous thin discontinuous marcasite partings and with 
caJcite in joints near the top. Clarion. .. 

3. Clay: light gray with buff stain, plastic, arenaceous toward base. 

2. Shale: light gray with buff stain, arenaceous, grades into plastic clay 
above, exposed. 


1. Level of Little Beaver Creek. 


1 ' 8 ' 
0 ' 10 ' 

0 ' 4 ' 

1 ' 6 ' 
5 ' 10 ' 

2 ' 0 ' 


This locality was excellent for collecting invertebrate fossils, especially gastro¬ 
pods, cephalopods, and brachiopods. 

On the farm of Harry Gordon across Little Beaver Creek from the abandoned 
Weingart mine I measured the following section in an abandoned mine entrance 
and a nearby wash in September, 1938: 


10. Shale: gray to buff, arenaceous; with numerous clay ironstone con¬ 
cretions, exposed. 16' 0' 


9. Shale: gray, fossiliferous. . 

8. Shale: dark gray to black, flinty in appearance, 
sparingly fossiliferous. 

7. Shale: dark gray, sparingly fossiliferous. 

6. Shale: gray, similar to but lighter gray than shale 
of zone 5, fossiliferous at least in basal part. 


Vanpert, 


2 ' 6 ' 

V 0' 
6 ' 0 ' 

7' 6' 


5. Shale: dark gray, argillaceous, fossiliferous 


8 ' 0 ' 


4. Limestone: dark gray, shaly, fossiliferous 


0 ' 6 ' 


3. Shale: dark gray, fossiliferous. 


1' 9' 


2. Coal: Clarion . I'fl' 


1. Clay: plastic, unmeasured. 


A similar section but one that is less well known in detail occurs on the A. V. 
Kenreigh farm almost on the boundary between the northwest quarter and northeast 
quarter of Sections 17 and 18, respectively, Green Township, Mahoning County. 
There the exposure is along the channel of a small intermittent stream and in two 
shallow shafts that were dug several years ago to prospect the Clarion coal. The 
shafts were partly filled by water when visited, in 1939, and the following section 
was determined partly by stud 3 ring the refuse piles and the exposures along the 
stream and partly by information given by Mr. Kenreigh: 
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5. Shale; weathered, unmeasured. 

4. Limestone: dark gray to black, fossiliferous, similar in 
lithology to limestone on the Unger farm. 

3. Shale: blue gray, fossiliferous; with small scattered 
clay ironstone concretions; thickness approximate... 

2. Limestone: dark gray, nodular, fossiliferous. 

1. Coal, Clarion .. 


Vauport 


V 4' 

8 ' 0 " 
0 ' 4 ' 
1 ' 0 " 


It is assumed that the nodular limestone lies directly on the coal, as some of 
the nodules which are in the refuse piles have bits of cod adhering to them in the 





Fig. 4, 


. of the strata below the Lower Kittanning coal in the 
item part of the Lisbon Quadrangle. 
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same manner as those at abandoned Weingart mine. It is reported by Mr. ICen* 
reigh that the limestone, No. 4, in the above section was burned by his grandfather 
for lime almost a centuiy ago that mounds still mark the sites those burnings. 

It is evident from these four sections that the Vanport mmber is represent^ 
by a considerable thickness of fossiliferous shale with variable interbedded nodular 
or shaly limestone overlying the Clarion coal. This thickness rea^dies a known 
maximum at the abandoned mine on the Hairy Gordon form with a total of 21 feet. 
On the Kenreigh farm the known thickness is about 10 feet, and it is probable that 
the weathered shale on top of the limestone is also fossiliferous. The entire 
thickness of shale and limestone at the abandoned Weingart mine contains fossils 
but only 2 feet and 10 inches are exposed. There are 6 feet and 9 inches of 
fossiliferous .strata exposed on the Unger farm, but if the 17 feet and 6 inches of 
strata overlying the coal below drainage are fossiliferous, the thickness of 
fossiliferous strata would be in excess of 24 feet. These sections are similar in 
lithology and of even greater thickness than those of the Vanport member described 
by Stout and Lambom in Elk Rim and St. Clair Townships, Columbiana County.* 

As far as known there are no exposures of the Vanport member along Little 
Beaver Creek south of the exposure on the Kenreigh farm, but it may be covered 
by mantle rock along the lower slopes of the valley sides. In addition to the sections 
with the Vanport member there are four locations of coal, probably Clarion, known 
in this vicinity. 

A short distance north of New Albany between the old and new locations of 
Route 62 at the buildings of the D. McConnell farm a shallow shaft to a coal 
below the Lower Kittanning coal was in operation during the First World War. 
This shaft has been abandoned and filled, and to date I have been unable to get 
any detailed information concerning it. It is reasonably certain that the Clarion 
coal was the coal mined in this shaft. Evidence concerning the presence of the 
Vanport member is wanting. 

The other three are exposures, the first of which is located in a ravine near the 
New Albany^Greenford road in the southeast quarter of Section 16, Green Town¬ 
ship, Mahoning County. The section here and in the nearby abandoned G. D. 


Coy shaft mine is as follows; 

18. Glacial till: cribbed. 25' 0' 

17. Shale; gray, weathered. 4' 0' 

16. Shale: gray. 30' 0' 

15. Shale: gray, fossiliferous; with nodules of fossiliferous ] f 

limestone, thickness variable. I Htmdm . -I 

14. Shale; black, bony, fossiliferous. i I 1' 3' 

13. Coal, Lower KittanmHg . 8' 0' 

12. Clay: gray, plastic. 3' 4' 

11. Coal, Lawrence . 1' 6" 

10. Clay: plastic, unmeasured. 

9. Sandstone: gray or stained buff, fine, friable, micaceous, bedded; with 

shaly layers and lenses. 20^' 

8. Covered interval. 6' 0' 

7. Shale: gray, weathered, exposed. X' 0*^ 

6. Coalt Clarion . 0' 4^ 

5. Clay: gray, arenaceous, plastic, ei^sed. 1' 0' 


«Stout, W., and Lambom, R. R,; Goology c/ Cahmhiam Ceimly, GeoL Sorv. Ohio, 4:^1 soeleB» 
BuU. 28, pp. 68-70. (1024.) 
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4, Covered Interval... 9' 8' 

3. Shale: gray; with clay ironstone concretions, exposed. 9^ 1' 

2. Covered interval. V 2' 

1. Shale: gray, arenaceous, exposed. 11' O'' 


The interval between the base of the Lower Kittanning coal and the top of the 
Clarion coal is a little more than 30 feet. No evidence of the Vanport member 
can be seen, but the exposure is poor. At places in the Coy mine there is a thin 
layer of cannel coal at the top of the Lower Kittanning coal. This is most common 
toward the eastern edge of the lease and in the swamps where the coal is thickest. 
The Hamden member is everywhere marine. 

The Clarion coal is exposed at a little abandoned mine on the Allison farm 
in the northwest quarter, Section 29, Perry Township, Columbiana County. 
The section exposed here in September, 1938, is as follows: 


14. 

13. 

12 . 

11 . 

10 . 

9. 

8 . 

7. 

6. 

5 , 

4. 

3. 

2 . 

1 . 


Sandstone: gray, thin bedded, micaceous, exposed. 

Shale; gray, arenaceous and ferruginous; with numerous clay ironstone 
concretions. 

Shale: light gray, argillaceous, soft. 

Shale: dark gray, fossiliferous.. 


Shale: dark gray, very fossiliferous; with fossiliferous 
limestone nodules. 

Shale: black, bony, fossiliferous... 

Coal, Lower KiUmning . 

Clay; plastic.. . 

Shale: ?. 




Hamden ... 


partly covered 


Sandstone: gray weathering buff, a single ^iedge showing bedding on 
weathering. 

Shale: gray and buff, arenaceous, thickness variable. 

Clay-shale: light and dark, soft. 

Coal, Clarton . ... 

Clay: plastic; unmeasured. 


2 ' 0 ' 

17' 0" 
0' O' 
3' 6' 

1 ' 0 ' 
0 ' 9 " 
3' 0" 

22 ' 4 ' 

1 ' 6 ' 
3' 0' 
0 ' 8 ' 
0 ' 10 ' 


There axe 27 feet and 5 inches between the base of the Lower Kittanning coal 
and the top of the Clarion coal in this section. It is possible that there may be 
fossils in the partly covered shale, zone 6 of the section, but none were seen. 

John Pascola fonnerly operated a shaft mine under the name of the New Salem 
Coal Company on the south side of the Salem-Washingtonville road (Route 14) 

, in the southern part of Section 33, Green Township, Mahoning County. Four 
coals are shown in this shaft and a slope which ^tends 24 feet deeper than the 
base of the shaft. The entire section measured in March. 1933, in this mine is 


given below: 

18. Cribbing.,.!,. 17' 6' 

17, Sandatonc: massive,-. 18' 0' 

18. Shale: darit gray. 6' 0" 

15, Coal, Jtiftomiieg. 1' 8' 

14. aay:idastie. 1' 0' 

18, Sandstone. 43' 0' 

12. Shale: gray, argsilaceous. 12' 8' 
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10 . 


9. 


8 . 


7. 


6. 


5. 


4. 


Shale: gray, argillaceous, fossiliferous; with many 
clay ironstone concretions. 

Shale: gray, argillaceous, fossiliferous; with few clay 
ironstone concretions. 

Shale: dark gray, calcareous, very fossiliferous; with 
fossiliferous limestone nodules. 

Shale: black, bony, fossiliferous. 


Hap$den 


Coal: contains thin partings^of marcasite, one of which near the top is 
about 1 inch thick and fairly persistent, Lower Kittanning . 

Clay: gray or gray-drab, plastic. 


Coal: locally present, Lawrence. 
Clay: gray, plastic. 


3. Shale: gray, arenaceous; with some clusters of clay ironstone concretions. 


2. Coal: Werbedded with thin lensing layers of shale ' 
containing plant fossils. . 

1. Coal: contains numerous thin shaly partings. One of 
these partings is an inch or so in thickness near the 
base of the thicker portions of the coal.> 


0 ' 6 ' 

3' 6' 

V 0 ' 
0' e*' 

3' 2' 
1 ' 0 ' 
0 ' 5 ' 
IV 0 ' 
12 ' 0 ' 

0 ' 3 ' 

2 ' 8 ' 


It is certain that there are no marine fossils in the shale overlying the Clarion 
coal in this section. An attempt was made to mine the Clarion coal here, but 
while it was of sufficient thickness, the quality was such that the attempt was 
soon abandoned. It is reported that a ted of coal was exposed in the channel 
of Little Beaver Creek about one-half mile northeast of the Pascola shaft when 
the highway bridge was built at that point a few years ago. If this is true, the 
coal is also the Clarion member. 

At Long's Crossing located five miles south of the Pascola shaft in the southeast 
quarter, Section 28, Salem Township, Columbiana County, the Clarion member is 
absent but the underclay is apparently present as shown in a test hole drilled from 
near the base of the Upper Freeport coal to a depth of 253 feet. A record of this 
test hole is available through the courtesy of Mr. Homer Callahan, and the portion 
of the record from the Lower Kittanning coal to the Clarion clay is given: 


10. 

Coal, Lower Kittanning ,,,. . 

. 2' 

8' 

9. 

Clay. .... 

. 4' 

4' 

8. 

Shale: gray. . 

. 3' 

6' 

7. 

Clay. . 

. 2' 

6' 

6. 

Shale: gray. . 

. 7' 

0 

5. 

Shale: brown. . 

. 3' 

0 

4. 

Shale: gray. 

. 4' 

0 

3. 

Sandstone; gray; with streaks of shale. 

. 12' 

0 

2. 

Clay, C/anon (h.... 

. 2' 

0 

1. 

Sandstone and shale: gray. 

. 30' 

0 


The interval between the Lower Kittanning coal and the Clarion clay is about 
36 feet. 

The Allison and Pascola sections show that the Clarion coal is present along 
Little Beaver Creek as far south as the Columbiana-Mahoning county line east 
of the City of Salem. Thus the Clarion coal is present for a distance of six miles 
from the northern to southern boundari^ of Gr^n Township, Mahoning County, 
along the headwaters of Meander Creek and Little Beaver Creek, and in the 
northern two miles of this extent the associated Vanport member is also present. 
In this area the Clarion coal has been prospected and mined to a very limited 
extent, but it had practically no economic value in the past and promises to have 
little in the future because of its irregular and thin development and because 
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of its poor quality. The Vanport member has been used to a very limited extent 
for agricultural lune in times past, but its shaly and impure character give little 
or no promise for future uses. Both the Clarion and Vanport members are useful 
to the stratigrapher in determining the complete stratigraphic section of this area. 

The Lawrence Coal and Clay ,—In 1938 when test drillings were made preparatory 
to opening the New Albany Coal Company’s strip mine on the Lower Kittanning 
■coal in Sections 17 and 18 of Green Township, Mahoning County, the promoters 
were suiprised to discover a second coal lying almost directly beneath the Lower 
Kittanning coal in that ^ea. The local miners had various names and numbers 
for this lower coal, but it is without question the Lawrence coal, the normal position 
of which is several feet below the Lower Kittanning coal.® This Lawrence coal is 
present as a thin, impure, and irregular bed with a discontinuous distribution in 
the northeastern portion of the Lisbon quadrangle. It may be more commonly 
present than is usually suspected, I have made no systematic effort to locate all 
known localities of oc(nirrence within the area, but a number have come to my 
attention. 

The Lawrence coal is present in the previously described sections on the Ewing 
and Unger farms and m the Coy and Pascola shafts Orton mentions three 
sections in which the Lawrence coal is present in addition to the Ewing locality.’ 
It is well exposed in the New Albany Coal Company's strip mine mentioned above, 
where J. O. Fuller and I determined the following composite section along the 
face of the mine and in a drainage ditch in 1941: 


19. 

18. 

17, 

16. 


15. 

U. 

13. 

12 . 

n. 

10 . 

9. 

8 . 

7. 

■ 0 . 

6. 

4. 


2 . 


1 . 


Glacial till 


Shale: brown, arenaceous, exposed. 

Sandstone: light gray, medium to coarse, micaceous, bedded. 


Sandstone; lens of bluish gray, quartzitic-appearing sandstone, with 
disconformable and conglomeratic base that has pebbles of local origin; 
grades laterally and upward into above sap, Istone, thickness variable.. 

Shale: dark gray, pyritiferous. 


Shale: dark gray, fossiliferous; with few clay iron¬ 
stone concretions. 

Shale: dark gray, fossiliferous; with nodular fossil- 
iferous limestone at top. 

Shale; black, bony, fossiliferous. 


Hamden ,. 


Coal: with partings of marcasite and fusain... 
Coal: impure, with much marcasite and fusain 


} 


Lower KiUanmng 


{ 


Clay: gray to dark gray, plastic. 

Coal: impure; with much marcasite and fusain . . 'i 

Shale: dark gray, carV^onaceous, with streaks of r Lawrence 
marcasite and coal, weathers yieldmg sulphur . J 

Clay: light gray, plastic, arenaceous, especially in lower part. 

Sandstone: white weathering huff, fine, micaceous, thin-bedded. 

Shale: dark gray, micaceous, arenaceous; with thin layers of sandstone 

and apparently grading laterally into sandstone. 

Sandstone: light gray, platy, micaceous, carbonaceous, irregularly 

bedded... 

Shale and sandstone: gray to dark bluish gray, micaceous, arenaceous 
and carbonaceous shale with irnegular layers and lenses of shaly, 

micaceous, and carbonaceous sandstone, thickness variable. 

Sandstone: gray weathering yellowish, medium, micaceous-, massive, 
exposed. 


10 ' 0 ' 
6 ' 0 ' 
4 ' 6 ' 

V 6*^ 
2 ' 0 ' 

6 ' 0 ' 

0 ' 10 " 

V 6" 

2 ' 8 * 
0' 3' 

1 ' 6 " 

V 4" 

0' 4" 
4 ' 6 ' 
2 ' 0 " 

7' 0" 

11 ' 0 " 

5 ' 0 ' 
3' 0' 


•Bownooker, J. A., and Dean, E. S.: Op. CU., chart opp. p. 6 and p. 53, 
’Orton, Ed.: Op. dt., pp. 32, 83, 180, and IW. 
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The strata in this strip mine are im^ular. There is on apparent dip of seven 
degrees in the beds exposed along the drstnage ditch. The Lower Kttaixning 
co^ rises and falls as much as 30 feet in distances of 200 feet in the mine. The 
coal has thickness up to 42 inches in the swamps but only averages about 18 inchea 
and may even run out on the swells. The Hamden memfa^ is considerably 
thicker and much more massive appearing in the swamps. 

The Lower Kittanning and J^awrence coals can be seen in similar relationship 
along Route 62 in the road cut in New Albany. The localities of Lower Kittanning 
and Lawrence coals cited by Orton are in the now abandoned Pettit mine at 
Cook’s Crossing one mile north of Greraiford in Section 11, Green Town^ip, 
and at the now abandoned Walters mine in Section 35, Green Township, Mahoni^ 
County.* At both places he believed that the upper coal was the Canfield cannel 
coal which he correlated as the Upper Clarion or Scrub Grass member and that 
the lower coal was the Clarion member. He was correct in corrdating the upper 
coal with the Canfield cannel coal which is now known to be the Lower Kittanning 
coal, and the lower coal is now named the Lawrence coal. The limestone overlying 
the upper coal which Orton bdieved to be the Perriferous or Vanport, is, of course, 
the Hamden member. Orton was undoubtedly led astray in his very logical 
interpretation by several facts, viz.: (1) the strongly undulatory character of the 
Lower Kittanning coal in the New Albany, Gre«)f(^, and Cook's Crossing areas 
where it rises and falls 30 feet at least in a horizontal distance of a couple of hundred 
feet, (2) the local absence of the Lawrence coal, (3) and the lack of knowledge at 
that time that fossiliferous marine limestone and idiale of the Hamden member 
overlie the Lower Kittanning coal in this area. He bdieved that he reoo^ized 
the Lower Kittanning coal in the old Reichstadt mine near Greenford in Section 23, 
Green Township, Ms&oning County, where the thickness of 2H feet of bituminous 
coal is overlaid by 4 to 6 inches of cannd coal. My latest studies have diowed 
that the Reidistadt coal is probably the Middle Kittanning coal.* This feature 
of a small thickness of cannel coal overl}dng a considerable thickness of bituminoua 
coal is also true for Lower Kittanning coal at several localities northward from 
Greenford. Orton reported this to be the condition in the Pettit mine at Cook's 
Crossing in Section 11, Green Township^ and at the Ewing mine in the southwest 
comer of Canfield Township, Mahoning County.** A similar rdationship is 
present at places in the now abandoned G. D. Coy Shalt in the southeastern comer 
of Section 16, Green Township, as shown in one of the previous sections and aa 
repiorted by Lambom.** In the southeastern quarter of Section 9, Green Town¬ 
ship, the same relationship can be seen in the following section of the Lower 
Kittanning coal exposed in 1932 at the entrance of an abandoned mine: 


6 . 

6 . 

4. 

8 . 

2 . 

1 . 


Shale: dark, weathered, exposed.... 

Shale: gray to black, bony. 

Shale: gray to black, fossiliferous... 
Shale: black, bony, fossiliferous (?). 

Coal: cannel.. 

Coal; bituminous.. 


} 




{ 


j Lower ittUimmni; | 


2' 

0 ' 

r 

0' 

0 ' 


0 ' 

6" 

7^ 

4' 

8* 


It should be noted that the nodular limestone of the Hamden member is absent 


pp. aM3 and 18(^18L 

^Sturgeon, M. T.: The Stratigraphy of the Middle KiUauwini Ceal hetwem Grem/erd and: 
WashingtanvUkt Ohio (in preparation). 

'cOrton^ Ed.: Op. cit., pp. 31 and 32. 

^Lambom, R. E.; The Coal Beds in SouBteastern Mahoning QmiUyt Qeol. Gstre. Qhio^ 
4th scries, Bull 4S» p. 30. (1342.) 
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in this section, but such absence occurs at other localities in this general area. 
The coal is somewhat thicker than average. 

These several sections indicate that northward from Greenford the Lower 
Kittanning coal grades into the Canfield cannel coal. 

The Lawrence coal is also represented in the section exposed at the entrance 
of the abandoned Silver Creek mine and in the nearby creek in the northwest 
quarter, Section 21, Green Township, Mahoning County: 

5. Shale; dark gray, fossiliferous with large nodules of \ f 

fossiliferous limestone, weathered.. . I Hamden . . . ] 

7. Shale: black, bony, fossiliferous...J I 1' K 

6. Coal; with many large flattened concretions of marcasite, Lower 

Kiitanning .... . 3^ 0*^ 

6. Clay: gray to dark gray or black, carbonaceous and shaly. I' 2" 

4. Coal: good. 1 _ / 1' 2' 

y Lawrence . .,. ( 

3. Coal: iminire, bony; with numerous plant fossils . . J I 0' 2' 

2. Shale: dark gray, carbonaceous, with very thin lenses of coal 0' 10' 

1. Clay: light gray, plastic, arenaceous, exposed.... 1' 0' 


The above section is not only similar to the section in the New Albany Coal 
Company’s mine but also to those cited below by Orton. 

There arc probably numerous other localities at which the Lawrence coal is 
present, but most of them are not known first hand to me. At a small mine 
opening to the Lower Kittanning coal in the west-central part, Section 28. Green 
Township, Mahoning County, there arc a few inches of Lawrence coal in the clay 
underlying the Lower Kittanning coal. In a shaft mine located in the northeast 
quarter of Section 15, Salem Township, the clay underlying the Lower Kittanning 
coal is reported by Mr. Francis Snyder to have a thin parting of coal. About 
five miles further south at Robbinsvillc (now Coleman), Orton found in the Rock 
Hill mine 20 inches of poor coal four feet below the Lower Kittanniiig coal.^“ 
Stout and Lambom quote this section from Orton in their report on the geology 
of Columbiana County as the section in the old shaft along Middle Fork of Little 
Beaver Creek about one-half mile above Teegardcn, but I am sure that it is the 
section in the old Maurer mine near Coleman.^* There are three reasons for 
this belief: (1) Orton wrote that the mine is entered by a slope, the coal lying 
at and below the level of low water in the creek. ^ Above Teegarden it is the Middle 
Kittanning coal that is at creek level, and the mine there to the I-X)wer Kittanning 
coal was a shaft. (2) Robbinsvillc is the old name for Coleman. (3) Orton 
mentioned a destructive gas explosion in this mine, and Mr. David Reese, of 
Logtown, recently descril^ to me a destructive gas explosion of many years 
ago in the Maurer mine in which 12 miners were killed. 

Stout and Lambom did not discuss the Lawrence coal separately in their report 
on the geology of Columbiana County, but they did give sections in their discussion 
of tlie Lower Kittanning clay in which the Lawrence coal and its associated clay 
are present and recognized. The localities given by them are in St, Clair and 
Yellow Creek Townships and just over the boundary line in Pennsylvania. “ 
They also quoted Orton's previously cited section showing Lower Kittanning and 
Lawrence coals in the Rock Hill mine near Coleman and printed a picture showing 
the same coals along Yellow Creek near: New Salisbury in Section 33, Yellow Creek 
Township.^ 


'K)rton, Ed.; Op. ol., pp. 194-195. 
i*Stout, W„ and lambom, R. E.: Op. cU.^ pp. 104-106. 
pp. 78, 79, and 84. 
p. 105 and Plate HI, opp. p. 184.. 
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From all the known evidences the Lawrence coal has a wide but a somewhat 
discontinuous distribution in the northeastern quarter of the Lisbon quadrangle. 
It is generally thin and of very poor quality, being shaly and at some places pyriti- 
ferous as well. It has been prospected locally but to my knowledge has never 
been mined to any large extent. Its princip^ value is to the stratigrapher for 
correlation purposes. 


H 

Number of 
Localities 

Member 

Description 

Thickness 

12 



Shale: gray, marine, argillaceous, fos¬ 
siliferous 

4' 

0*^ 

11 


Hamden 

Shale: gray to gray-black, marine, 
calcareous, fossiliferous; with nodu¬ 
lar fossiliferous limestone, locally 
with cone-in-cone 

0' 

10' 

10 



Shale: black, marine or brackish, bony, 
fossiliferous 

0' 

8' 

g 

30 

Lower Kittanning 

Coal: with some marcasite and fusain 

3' 

0' 

8 

8* 

Clay: gray to dark gray, plastic 

2' 

0' 

m 

8* 

1 

Lawrence 

Coal: impure, locally absent 

V 

8' 

6 

2 

Clay; gray, plastic, arenaceous 

V 

r 

5 

4 

\ 

Shale and sandstone, variable 

26=*= 

/ 

4 

4 

Vanport 

Shale; gray to dark gray, marine, 
variable, fossiliferous; with nodules 
and layers of shaly fossiliferous lime¬ 
stone 

10* 

/ 

3 

; 6 

1 

Clarion 

Coal: at most places of poor quality, 
locally absent 


B 

2 

1 

Clay: gray or buff stained, plastic, 
i arenaceous 

6' 

10' 

m 

3 


Shale and sandstone 



*U8ed measurements from three localities riven by Bd. Orton, Geol. Surv. C^iio, voL V, 
pp. 38, 180, and 195. (1884.) 


Fig. 6. Generalized section of exposed strata in the northeastern quarter of the 
Lisbon quadrangle briow the Hamden shale and limestone. 

SUMMARY 

A composite and complete stratigraphic section of the rocks exposed below the 
Hamden member is given in Figure 5. The Lower Kittanning co^ and overl 3 ri^ 
Hamden limestone are steady in their association and occurrence and uniform in 
their lithology. Hence these members Rie usually quite reliable but unforttmatdy 
not infallible guides in determining the stratigraphy. The last statement must be 
qualified becsmse the Vanport member at two different places (see Wemmut and 
I^reigh sections) has nodular fossiliferous limestone in fbssUiferous shale above 
the Clarion coal. Such a section of the Vanport and Clariao members could 
easily be mistaken for the Hamden and Lowm* ^ttaiming members. The toiUowtng 
criteria will, I believe, when fully end carefully appHed, 4iBting^ni^ the two groupa 
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from each other: (1) The Clarion coal averages only one-half or less of the thickness 
of the Lower Kittanning coal. (2) The black, bony shale or ‘‘draw slate'* is 
poorly developed or absent above the Clarion coal. (3) The assemblage of fossils 
is somewhat different in the two marine members. Briefly the main fatinal 
differences appear to be: 


Hamden Member; 

1. Brachiopoda: 

a. Mesolohus mesohbus var. euampygus — 
very abundant. 

b. Lparve productids: Diciyoclostus, Lino- 
produciuSf Juresamia —rare. 

c. Margtniftra murcatina —very abun¬ 
dant. 

d. Neospirifer camoratus —^very rare. 

2. Pelecypoda: Various common genera 
abunoant. 

3. Gastropoda: Various common genera 
abundajit. 

4. Cephalopoda: Various common nautilotd 
genera fairly abundant; ammonoid genera 
rare. 

d. Crinotdea: Stems absent.^* 


VANroRT Member; 

1. Brachiopoda; 

a. Mesotobus mesolobus var. euampygus 
(?) —rare. 

b. Large productids; Dictyoclostus, Lino- 
proauctuSf Juresania —abundant. 

c. Marginifera murcatina (?) — very 
abundant. 

d. Neospirifer cameratus —abundant. 

2. Pelecypoda: Various common genera 
abundant. 

3. Gastropoda: Various common genera 
very abundant. 

4. Cephalopoda; Various common nautiloid 
genera fairly abundant; ammonoid genera 
rare. 

6. Crinoidea: Stems rare to moderately 
abundant. 


The close association of the Lawrence coal with the Lower Kittanning coal 
can be used at some places as an aid in identifying the strata in question. 

The economic value of all members descrioed with the exception of the Lower. 
Kittanning coal and clay and the Lawrence clay is negligible. 
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•Recently (May, 1943), after deven years of intermittent collecting from the Hamden 
member, I collected two cri^id segments from that member at the Pascola shaft in Section 33, 
Green Township, Mahoning County, 


Useful Plants 

About two years ago Mr. van Dersal produced a book on shrubs. Highly acclaimed both 
its and its illustrations, it gave to gardeners more than a local view. It attempted 
to oovtf the country and mthin its scope did an amasingly good job. This reviewer is similarly 
impressed with this new book. In presenting his own vemon of economic botany to classes, 
•emthihg of same sequences of topics has been used for many years by the reviewer of this 
bock, nam^y, the background of the original patterns of vegetational distribution as the setting 
for agrieuitui^ piBCtbes. Superb plKitograpbi are laviamy employed. The general reader 
eidumt a6M to miss this book.— A. £, Waller, 

mw Attterloin Land, by WiStiam R. van Dersal. 215-hxvi pp.; 64 plates. Oxford Uni- 
imity Press, New York. U.75. 



A NEW GENUS (ASCIUS) AND TWO NEW SPECIES OF 
LEAFHOPPERS CLOSELY RELATED TO FLEXAMIA 

(Homoptera, Cicadeludae) 

DWIGHT M, DbLONG, 

The Ohio State University 

Recent collecting in Mexico has brought to light large numbera of two rather 
common species of grass feeding leafhoppers closely relatiwi to species of Flexamia, 
Neither of these is apparently described and they do not seem to belong to- 
Flexatnia, A new genus is therefore being erected to include them at this time. 

Genus Ascius n. g. 

Closely related to Flexatnia and with a similar superficial appearance. The most striking 
difference is the presence of a distinct keel or carina extending from the margin of vertex Imlf the 
length of the face. The vertex margin is thin and foliaceous either side of apex formed by the 
deep concavity between the keel and the vertex margin. In lateral view the apex of the vertex 
appears thick margined due to the carina. The vertex is long and distinctly concave between 
the raised sharp edged margins. Venation of elytra similar to Flexatnia with the reflexed costal 
veinlets. Type of genitalia similar to Flexatnia. 

Genotype Ascius triangularis n. sp. 

All type material is in the author’s collection. 

Ascius triangularis n. sp. 

In general appearance resembling a sharp headed species of Flexatnia. Length 5 mm. 

Vertex strongly produced, twice as long at middle as basal width between the eyes, more 
than one-third longer than pronotum. Disc of vertex concave, margins thin, foliaceous on either 
side. Face with a broad sharp carina extending from apex of vertex to middle of face. Elytra 
with one cross nervure between the claval veins and with co.stal reflexed veins. 

Color: White with yellowish and brownish stripes. Anterior half of vertex white with faint 
markings either side of apex. Posterior half striped longitudinally. There is a proximal pair 
of broad white stripes and a narrower white stripe either side. There are five broad, longitudinal 
white stripes on pronotum, each bordered with brown. The scutellum has two broad white 
longitudinal stripes separated by the median third which is darker. The elytra arc pale and 
irregularly marked with dark brown pigment. The white areas are so arranged that the elytra 
appear striped obliquely. The area along the claval vein is rather broadly 'white and an area 
between the costa and discal cell is almost entirely white. Pace dark brown with a white spot 
just beneath apex, mottled with brown and a white longitudinal stripe on face at ventral end 
of keel. 

Genitalia; Female last ventral segment with posterior margins broadly roundedly produced 
to a central broad sunken tooth which is slightly notched at middle. An underlying membrane 
either side is produced beyond the last ventral segment, Male valve produced, triangular, a 
little wider at base than median length. Plates exceeding valve by about one^half their length, 
broad, with blunt roimded apices. Style rather short, widened at middle, apical portion narrowed 
to form a short bltmt iinger-like process which curves outwardly. Aedeagus with a ^bogle basal 
portion, divided at half its length, forming a pair of long divergent processes which are heavy at 
base, widely separated by a U-shaped notch and tapered to slender pointed apices. A dorsal 
process similar in shape but much more slender extends from near base to the anal tube. 

Holotype male, allotype female and male paratypes ooUected at Iguala, Gro.. Mexico. 
September 11, 1^, by C. C. Plummer and the author and October 25, 1941, by E. E. Good and 
the author. Th^ occur upon herbaceous vegetation. 
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Ascius latus n. sp. 

In form and general appearance resembling irianiutaris but with vertex broad and short 
and face with a slightly raised keel. Length 5-5.5 mm. 

Vertex broad, one-fourth longer on middle than basal width between eyes, slightly longer 
than pronotura. Disc of vertex shallowly broadly concave, keel of face scarcely produced and 
visible only at apex. 

Color: Similar to triangularis^ white with yellowish and brownish stripes. Vertex with 
apical third white, basal portion brown with a faint median white line and a pair of longitudinal 
proximal pale stripes either side near middle. Pronotum with seven pale longitudinal stripes 
each bordered with dark brown. ScutclJum with a pale longitudinal stripe either side of median 
third which is brown, basal angles darker brown. Elytra white, veins brown. Claval area, disc, 
•claval area at anterior portion of anteapical cells and apical margin marked with dark brown. 
Face brown with pale irrorations, wliitc just beneath margin at apex. 



Fig, 1 . Lateral view of head of Ascius triangularis (left); lateral view of genitalia of males 
of each species as labeled (right). 

Genitalia: Male valve triangular, broader at base than median length. Plates triangular, 
1>road at base, sloping to narrow, blunt, rounded apices. Style rather long and narrow with a 
.rounded notch on outer margin just before apex faming an outwardly curved pointed finger-like 
process on inner margin. Aedesgus in general appearance similar to that of triangularis but 
shorter and broader. The single basal portion divides to form a pair of divergent processes which 
are heavy at base and taper to slender apices. 

Although the genitdia of this and the former species are quite similar in structure, they 
are different, and externally the two species are quite different in structure. 

Holotype male and parat 3 rpe males collected at Iguala, Gro., Mexico, September 11, 1938^ 
hy C, C. Plummer and the author and October 25, 1941, by E. E. Good and the author. 



A PORTABLE CASE FOR WATER ANALYSIS IN 
ECOLOGICAL FIELD WORK 


WILLIAM A. DREYER, 

University of Cincinnati 

In ecological field work including the measurement of various physical con¬ 
ditions of the environment, the convenient transportation of equipment is always 
an important consideration, particularly when the analysis of natural wat^s 
is involved. The portable case described here was designed to carry the glassware 
and solutions used in the Winkler method for dissolved oxygen, a modified Seyler 
method for carbonates and free carbon dioxide and the colorimetric method for 
determination of pH. It was planned also to make possible analysis of water 
samples in the field permitting immediate calculation of results. The design 
is based upon the experience of canying on such work with classes in elementary 
ecology and with graduate students engaged in the study of pond, stream and 
marine littoral communities. (Dreyer, 1940; Drtyer and Castle, 1941; King, 
Jos, E., 1943; King, Willis, 19Jk, and Ward, 1940.) Acknowledgment is made 
herewith of the accximulated suggestions of numerous students and co-workcrs. 
While not claiming complete ori^nality of design the author presents this descrip¬ 
tion to promote the more widespread use of such field equipment in ecological 
work of both the classroom and research level. 

CONSTRUCTION AND INTERNAL ARRANGEMENT 

The case itself is a wooden box, made of one-half inch clear white pine, 
measuring 33 x 18 x 9 inches. It consists of two parts, the body of the box (6 inches 
deep) and the lid (3 inches deep), which are hinged at one end with three two-inch 
iron hinges and held securely in place when closed by two three-inch barrel bolts 
and a small clasp with a hook fastener at the other end. All the joints are made 
with flat-head screws set flush with the surface. The 33 x 18 inch sides are rein¬ 
forced with 3 X 16 inch strips set crosswise four and one-half inches from each end. 

Heavy one-inch leather straps, screwed to the reinforcing strips on each side 
and buckled when the case is closed to form about 18-inch loops, serve as handles. 
The case is conveniently carried by two people with the 18-inch dimenrion upright 
(as a large suitcase) either by using the strap loops directly as bandies or by 
thrusting a strong pole from a seine or heavy dip net through the two loops. The 
dimensions of the case are such that it will stand upright on the floor behind the 
front seat or in the baggage compartment of any automobile of recent model. 
When in use the case is placed in a slightly elevated position and the lid opened 
to an angle of about 135 degrees. Thus, the operator may squat or sit com¬ 
fortably in front of the open case with all equipment within easy reach. 

The inside of the case (fi|^re 1) is fitted with sample bottles, solutions and 
other glassware. In the six-inch wide compartment on the left is a two-liter 
dark glass bottle containing A/40 sodium thiosulphate,^ It is covered with black 
cloth and provided with a calcium chloride tube and a glass delivery tube with 
screw clamp shown resting in a horizontal position along the upper shelf. The 
small shelf above this holds three Barnes dropping bottles containing dilute starch 
paste, phenolphthalein (0.6 per cent alcoholic) and methyl orange (O.OS per <:^t 
aqueous), the indicators required, On the shelf to the right axe bottles wt three 
other solutions (manganese sulphate, 480 grams, ^h 3 rdrou 8 , with four molecules 

^The concentrations of the solutions indicated are talcen from American Health 

Association, 1036, Standard Methods of Water Amtlysis, Eighth Edition, New Yorit. 
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Fig. 1. Inside of the body of the case showing position of bottles and 
other equipment as described in the text. 



Fig. 2. Inaide of the lid of the caw ihowiag pootkm of burettes and 
other equipment when packe^ for dosing the case. 
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of water per liter; sodium hydroxide, 600 pams, and potassium iodide, 150 grams 
per liter; concentrated sulphuric acid) required by the Winkler method (manganese 
chloride and hydrochloric acid are optional). Next, are six bottles of approxi¬ 
mately 130 millimeters capacity labelled in pairs for duplicate water samples for 
oxygen determination. 

Below are liter bottles of iV/60 sulphuric acid and iV/44 sodium hydroxide, for 
titration of carbonates and free carbon dioxide, and distilled water for rinsing 
pipettes and burettes. Next are four 250-milliliter bottles labelled in pairs for 
collecting water samples used in this anal 3 ^is. All bottles are held in place with 
an ordinary web book strap laced through one inch staples properly spac^ between 
the bottles. The labels are waterproofed with “Plicote’' label glaze. In front 
of the lower tier of bottles are three wooden tubes holding one millimeter volu¬ 
metric pipettes used for adding solutions in the Winkler method. Each tube and 
pipette is labelled according to the solution used to prevent contamination and 
mixing. Several stirring rods, towels, etc., may be carried here also. Inserted 
in holes bored diagonally through the shelf are three three-inch funnels suitable 
for pouring solutions into burettes and labelled according to the solution and 
burette with which each is used. Resting on the shelf below the funnels are three 
four-inch porcelain casseroles needed for titration of the water samples. 

Inside the lid (Figure 2) are found four 50 milliliter, glass-stopcock burettes, 
one with a sidearm delivery tube, and two 100-milliliter volumetric pipettes 
which are held in place by metal ^ger-tip clamps covered with rubber tubing. 
Below is space for three La Motte block comparators of the standard six-cylinder 
style for colorimetric pH determination. The indicators carried can be varied 
according to local needs but th 3 nnol blue (O.O-^S.O), phenol red (8.4-6.8) and 
chlor-phenol red (6.8-5.2) or brom-cresol purple (6.8-5,2) serve most requirements. 

USE OF THE EQUIPMENT 

When the case is to be made ready for use the block compau^tors are removed 
and the hinged strip in front of them is lowered, as shown in Figure 2, to form a 
shelf for the casseroles. After the burettes have been removed from the clamps 
the latter may be turned ninety degrees and are so placed that the burettes may be 
inserted in them in a vertical position. The top of the lid is hinged so that it may 
be lifted to permit the burettes to project above the top of the case when in position 
for use. 

The sidearm burette, used for sodium thiosulphate, is placed in the clamps 
nearest the hinged end allowing the delivery tube of the solution bottle, placed 
on top of the box, to connect conveniently. A small calcium chloride tube is pro¬ 
vided for the top of this burette. Two burettes axe marked for use with sulphuric 
acid and sodium hydroxide respectively. The fourth burette is provided for 
titration with N/50 sulphuric acid to determine total acidity, when that is desired, 
or for titration with silver nitrate (2.726 per cent with 8 per cent potassium chromate 
as an indicator, Harvey, 1928) for determination of salinity in marine habitats. 
In that case the additional solution bottles may be placed to suit individual con¬ 
venience or expediency. For example, if a wider shelf is uswi the funnels may be 
moved to the left and all the sample bottles placed in a double row to the right. 
Then five liter bottles may be plac^ in the bottom row and the casseroles stacked 
in the right hand end. 

Two 100-millimeter pipettes are provided for measuring samples of water to be 
titrated so that two people may work simultaneously as is generally the case. 
Surface or sub-surface samples may be collected readily without bubbling with a 
rubber tube fitted with a double-acting aspirator, bulb. This tube, not shown 
in Fi^re 1, is usually carried in the space above the two-liter bottle. The 
260-milliliter sample bottles are used for the Seyler method because that size 
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permits the titration of 100 milliliters of water with acid and another 100 milliliters 
from the same bottle with alkali* or the separate titration of 100 milliliters with 
phenolphthalein and with methyl orange indicators if that is desired when no 
alkali titration is required. 

The preparation and use of solutions, the collection and analysis of suitable 
water samples and the interpretation of the methods referred to in this description 
are extensively discussed by Allee and Oesting (1934), American Public Health 
Association (1936), Birge and Juday (1911), EUras and Beneker (1901), Harvey 
(1928) and J^yler (1894). The use of the concentrations indicate and samples 
of appropriate volume r<^uces the calculation of results to such simple arithmetic 
that it can be carried out immediately in the field. For the convenience of students 
who may use these directions without having available the references mentioned 
the following calculations are indicated. The first four are taken from American 
Public Health Association, 1936; the last one and the corrections for salt error 
in pH are from Harvey, 1928, 

For oxygen in parts per million (100 ml. sample). 

2 X ml. of A/40 sodium thiosulphate X X 

F" is a normality factor; is a correction for the loss of 2 ml. of water when 
solutions arc added to the sample bottle. Using a 130 ml. bottle, F' =130-t- 
(130—2) = 1.016. 

For carbon dioxide in p. p. m. (100 ml. sample). 

10 X ml. of A/44 sodium hydroxide. 

Free carbon dioxide X 2.272 equals free carbon dioxide in terms of p. p. m. of 
calcium carbonate. 


For phenolphthalein alkalinity in terms of p. p ni. of calcium carbonate (100 ml. 
sample). 

10 X ml. of A/50 sulphuric acid. 


For methyl orange alkalinity in terms of p. p. m. of calcium carbonate (100 ml. 
sample). 

10 X ml. of A/50 sulphuric acid. 


For salinity in parts per thousand (10 ml. sample). 

Salinity in p. p. t. = ml. of 2.725 per cent silver nitrate. 


Corrections for salt error in pH of sea water. 

Indicator Salt Solution pH Correction 

0.04 per cent thymol blue (8.0-9.6) .5N NaCl — 0,17 

i0.02 per cent phenol red (6.8-8.4). “ “ —0.15 

0.04 per cent brom-cresol purple (5.2--6.8). “ ^ --0,25 


The advantages pf using a portable case of this kind vary, of course, with the 
circumstances. In the case of class work the main advantage has been the assign¬ 
ment of the factor analysis on a particular field trip to several students who carry 
out that phase of the work during the first hour in the field while others collect. 
Later, all join the leader in locating animals that have been missed previously 
and in observing the numbers, activities'and adaptations of organisms collected. 
Rotation of this assignment permits all to practice the methods without unnecessary 
repetition. Another obvious advantage is the availability of additional samples 
when one is spoiled by the carelessness or clumsiness of beginners, making it 
possible to have complete data in the reports of every trip. Finely, upon returning 
to the laboratory, the factor analysis beiiig complete, kL\ can take part in storing 
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alive, preserving and examining all the specimens collected. This is especially 
important after an afternoon trip when time is limited. 

To advanced students and working ecologists engaged in seasonal or other 
extended studies of the physical conditions of various habitats the advantages 
are those of convenience in transportation as well as speed, accuracy and complete¬ 
ness in obtaining results. In one instance, when a small panel truck was us^ for 
carrying camping, collecting and other field equipment, this case served as a 
convenient field laboratory keeping the glassware safe from jarring while in transit 
on rough roads and ready for use as soon as the rear of the truck was opened. 
Although experience with the case as described has been very satisfactory, no 
doubt suggestions for improvement can be made and will be welcome from any 
who care to submit them. 


BIBLIOGRAPHY 

Allee, W. C., and Oesting, R. 1934. A Critical Examination of Winkler's Method for 
Determining Dissolved Oxygen in Respiration Studies with Aquatic Animals. Physiol. 
Zool., 7: 609-541. 

American Public Health Asaodation. 1936. Standard Methods of Water Analysis. Eighth 
Edition, New York. 

Birge, £. A., and Juday, C. 1911. Dissolved Gases the Water and Their Biological Sig¬ 
nificance. Wise. Geol. and Nat. Hist. Surv. Bull., 22: 18^23. 

Dreyer, W. A. 1940. Ecological Conditions of the Cold Spring Harbor (New York) Sand 
Spit. Unpublished data. 

Dreyer, W. A., and Cattle, W. A. 1941. Occurrence of the Bay Scallop, Pe^ten irradians. 
Ecology, 22: 426-427. 

EUmt, J. w., and Beneker, J, C. 1901. The Estimation of Carbonic Acid in Water, Jour, 
Am. Chem. Soc., 23: 405-431. 

Harvey, H. W, 1928. Biological Chemistnr and Physics of Sea Water. Macmillan, New York. 

King, Jot* E. 1943. Survival Time of Trout in Relation to Occurrence. Am. Mid. Nat.» 
29: 624-642. 

King. Wfllis. 1934. Ecological Conditions of Forest Ponds in Southwestern Ohio. Unpub¬ 
lished data. 

Seyler, C. A. 1894. Notes on Water Analysis. Chem. News, 70: 82, 104, 112, 140, 161. 

Ward, E, B. 1940. A Seasonal Population Study of Pond Entomostraca in the Cincinnati 
Region, Am. Mid. Nat., 23: 635-691. 


Weary Plowman 

A book certain to be much talked about is a small one on the subject of cultivation. The 
fly-leaf blurb hails it as the neatest advance of the century in scientinc agriculture. Since its 
Subject matter is not new, the exaggeration is obvious. The author does not make any such 
claim himself, fortunately, yet he boldly sets forth his inferences and conclusions from few or no 
experimental field data. He further attwnpta to bolster this stand by a cryptic remark about a 
certain noted botanist being the only scientist who could comprehend and properly appreciate 
his point of view. The subject matter, briefly, is concerned with using a disc harrow in place of a 
mold board plow. As a small book dealing seemingly with a topic of importance to rood pro¬ 
duction it is most timely. But problems such as types erf soil best managed by discing or plowing 
or costa of preparation or the results desired are somewhat lost in epochUtive diacusetoa on water 
content of soils, mineral supplies in soils and other alleged beni^ts* M the crop from which 
the phenomenal yields are reported is the sweet potato, in which, as I understand it, the indi* 
vidual plants are set into place after they are four or more inebes in length, any discussion of the 
amount of Utter left on tne soil after cultivation becomes somewhat acadtemic. This book ^Bo 
states that the reason less organic matter accumulates as humus in forests than In prairies is 
because prairies are composed of annuaWlants. The author does not draw any further mferenccs 
from this remarkable statement.—.4. E. WaUer, 

Plowman’s Polly, by Edward H. Faulkner. 161 pp. University of Oklahoma Press, 
Norman, Oklahoma, 1943. l2iK). 
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For many years I have heard the statement, ‘‘The Rainbow Comes Down 
in Ohio/' Formerly, that statement, with all it implies, gave me a sort of warm 
glow of pride and satisfaction. More recently, however, has come the realization 
that rain, usually associated with the rainbow, results in erosion. On our ability 
to control erosion hinges our opportunity to continue to repeat this old saying 
with all its implications. 

I feel it a real privilege to discuss with you a job that we are all coming to 
realize is so vital to the welfare of every citizen in Ohio regardless of his vocation. 
The hour is already late. The damage already done by erosion can be realized 
only partially. Translated into dollars and cents, the totals would stagger us, 
even accustomed as we are today to figures dealing in millions and billions of 
dollars. Furthermore, the losses continue to mount at an ever-increasing, accel¬ 
erated rate. The solution, I firmly believe, will come through an enlightened, 
informed public. All the more reason, then, why I feel it is so appropriate, so 
timely to be discussing this with you educators here today. 

I understand that others have discussed certain phases of this subject with 

r ou in past sessions. At the risk of repeating part of what may have been said, 
would like to present very briefly and quickly the picture as we see it today. 

Of the 26,318,000 acres in Ohio, approximately 22,000,000 acres are in farms; 
and about 10,000,000 of these acres are cropland—that is, subject to the plow. 
I do not need to tell this group that every type of topography is represents in 
this area, from the old lake plains in the northwest to the “Switzerland of Ohio" 
in Monroe County. We have approximately AO types of soils—glaciated and 
residual, limestone soils and soils derived from sandstone and shale; heavy soils 
and light soils. Type of farming varies from intensive, as illustrated by vegetable 
growing, to the grazing and forest farming. Even the rainfall, while fairly uniform 
over the state, does vary in amount, time, and intensity. I mention all of these 
things because every one of them has a direct effect upon this problem of soil 
erosion and its control, which is the primary problem of soil conservation districts. 

Most of us realize that Ohio is a relatively young state agriculturally. Five 
years ago, Marietta celebrated its 150th birthday. Most of the state has been 
farmed only about 100 years. However, few of us appreciate the toll that erosion 
has taken in that time. Actually, we do not have the exact picture because a 
complete, detailed survey has never been made of the whole state. Soils men 
have surveyed several scattered counties completely and a few years ago made a 
^reconnaissance sufvey of the whole state. This type of survey is naturally subject 
to considerable error, but later surveys and information lead us to believe that 
our estimates are too conservative—that the problem is much worse than we first 
thbught. Even so, these fip:ures were bad eno\igh because they show that one- 
sixth of the state, or approximately 4.500,000 acres, has lost 75 percent or more of 
the topsoil, while about one-third of the state# or approximately 8,000,000 acres, 
has lost from one-fourth to three-fourths of the topsoil. Therefore, over one-half 
of the total area of the state has a serious arosion problem. We are now convinced 
that most of the remainder of the state has lost considerably more soil than the 
survey indicated. Even the old lake plains in northwest Ohio, where most of us 
would think there was little erosion, are being affected, as is evidenced by the 


^Faper preseated at the annual tneeting of the Geography Section of the Ohio Academy of 
Science, Apm 110, IMS, Ccdumbus, Ohio, 
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silted streams and clogged drainage ditches—most of the latter being less than 
50 years old. 

All of this has a very positive and direct bearing on this soil conservation 
district movement. Most of us may have been blissfully ignorant of what was going 
on before our veiy eyes and literally under our own feet. We saw fields going 
out of cultivation. Gullies scarred our fair hillsides. We did not appreciate 
then that gullies represent the last stages of erosion rather than the beginning. 
What were once fertile farms, producing good crops, fat cattle, and fine citizens, 
have dipped down the scale in all respects. We saw, but we saw “as through a 
glass darkly.” 

Certainly we did not realize the full import of what was going on. These 
individual fields and farms began to take shape into patterns. They grew into 
communities, into counties, into areas. There are more of these eroded areas, 
and they are larger in size, than we like to admit. Some of you live in these areas. 
You know the situation and conditions. On the average, these areas have poorer 
buildings, poorer schools, poorer roads, poorer churches, and, yes, Vm afraid 
we'll have to admit—poorer citizens, in many cases. 

Now please do not misunderstand me. I am not referring to any particular 
section of the state, but to those badly affected areas in all quarters of Ohio. And 
these conditions affect more than just the farmer making his living from the land. 
They have an immediate and direct effect upon the entire community—the banker, 
the dentist, the school teacher, the manufacturer, the auto mechanic, the motion 
picture man, the druggist, the insurance salesman. No single individual escapes. 

Neither does the remainder of the state escape. Other sections must contribute 
part of their tax money for school aid in these areas. A disproportionate share 
of the gas tax helps maintain the roads. Old age pensions and unemployed relief 
take their toll also. Thus, the problem of the individual or the area becomes 
the problem of every citizen of Ohio regardless of who he is, where he lives, or what 
he does. Do not forget, too, this problem of erosion has a direct relationship to 
floods, to the ever-lowering water tables so important to industry and to the daily 
water supply of many of our cities. 

As stated before, all that I have said has a direct bearing on the phenomenal 
growth and spread of the soil conservation district movement. I believe you will 
agree with me when I say it is phenomenal, when I tell you that in slightly over 
five years, there have been organized 841 soil conservation districts in the United 
States, including 490,000,000 acres of land in 42 of the 48 states. 

Such a development did not “just happen.” There must have been many 
people concerned about the problem. AU they needed was direction and leader¬ 
ship. Probably no one has done more to focus the attention, unify the thinking, 
and develop the action and leadership than Dr. H. H. Bennett, Chief of the Soil 
Conservation Service. As a soils man he traversed this country from north to 
south and from ocean to ocean, always looking, always digging and boring into 
the ground, always thinking, talking and preaching about what was taking place. 
For years he was “a voice crying in the wilderness.” 

Finally he was heard. He was given his chance. Erosion experiment stations 
were set up in a number of different areas over the country. One is located at 
Zanesville. They told us in measured tons what was happening. They all told 
essentially the same story—and that story was startling indeed. Every thinking 
farmer and agricultural worker realized something had to be done. But what ?— 
how? 

The first answer was the demonstration project. Selected, representative 
areas were chosen where methods were tried out and. techniques developed under 
actual farm conditions. They were successful to a degree but too slow in reaching 
the mass of farmers. Too often they were looked upon by the farmers as a 
emment” project of little concern to them or their neighbors. Definitely they 
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were not the farmers' or the community's project. And all the while, the agri¬ 
cultural bank account in America—the soil—was dwindlii^ at an alarming and 
an ever-accelerating rate. 

What to do next was the problem. Obviously, the Government could not itself 
control erosion on the millions of farms in the United States. Some way, somehow, 
the man who is responsible for causing the erosion must be made conscious of the 
damage he is doing; if necessaiy, must be made to feel a responsibility and desire 
to do something about it, and finally must be shown what to do and how to do it 
and, in some cases, actually assisted in getting it done. That man is the individual 
farmer. 

The soil conservation district idea seems to be the best answer to the erosion 
problem developed to date. At least it has caught the fancy of millions of farmers 
to the extent that they have incorporated themselves into legally-organized, 
locally-controlled units, with the main purpose of individually and cooperatively 
solving their own problems. 

The State Legislature opens the way by passing the necessary enabling legisla¬ 
tion. By petition, and through referendum, the district is created by the farmers 
themselves. By petition and elec'tion they nominate and select from their own 
group, the men to govern and guide the district's affairs. They, the fanners in 
the district, study and analyze their problems, develop their programs, make 
their plans, and apply the practices. The soil conservation district is really and 
truly agricultural democracy in action. 

Now what is the soil conservation district situation in Ohio ? In this movement 
Ohio must bow its head a bit because it was the 41st state to pass the enabling 
act. It was passed by the last Legislature in 1941. and became a law in September 
of that year. The Act provides for a State Soil Conservation Committee to assist 
districts with their organization and in many other ways The committee is made 
up of the Dean of the College of Agriculture of the Ohio State University, the State 
Director of Agriculture, and three farmers appoiiiied by the Governor. It began 
to function about February 1, 1942, and in April. 1942, the first referendum in 
Ohio was held in Highland County. To date eleven districts have been voted in, 
each covering an entire county and totaling 2,907,900 acres. They are located in 
the following counties: Highland, Butler, Clark, Morrow, Columbiana, Coshex^ton, 
Guernsey, Monroe, Noble, Tuscarawas, and Meigs Logan County fanners 
held their hearing last week (April 22) and petitions are being circulated in Fairfield 
County now. Several other counties are in various stages of educational activities 
leading to district formation. 

Now let no one be misled. The fact that these districts have been organized 
does not mean that their erosion or soil management problems are solved or will 
be in the next year or two. The ills of a century cannot be cured so quickly. 
In fact, erosion probably will never be stopped completely. It can be slowed up, 
however, to the point where good soil-building practices can keep pace with the 
erosion losses. There doubtless are farmers living within the districts who don’t 
even realize that a district has been organized in their county or community. 
Some are even opposed to and voted against them. It is your job and my job, and 
the job of a host of other people, each working in his own way, to reach these people 
and help do this job that is so important, so vital to each of us. 

Now perhaps you would like to know in a little more detail just how these 
districts function and what they are domg. or planning to do. Please remember 
tl^t in Ohio, the oldest district is less than a year old. Even so, some tangible 
plans have been developed and action is under way this spring. 

To get a clearer picture of the actual operations of 'soil conservation districts, 
let us examine the programs and work plans of two of the older districts in Ohio 
and see just what the farmers themsdves say are their problems and what they 
propose doing about them. 
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First, I*d like to quote what the supervisors of the Columbiana Soil Conservation 
District is the purpose of their organization. 

“The Coltimbiana Soil Conservation District was organized for a cooperative 
attack upon the problems of soil and water conservation, and to improve the 
farming practices whereby a satisfactory farm income can be received to maintain 
a desirable standard of living. 

“The district intends to accomplish these results through cooperative efforts 
of local and county-wide farm and civic organizations, state and federal agencies, 
county and local government, neighborhood groups, and individual farm plans 
and demonstrations coordinated by the district supervisors. “ 

After then giving a general description of their area, they point to one of their 
basic needs as follows: 

^^Wide variations in soil conditions exist throughout the district and on indi¬ 
vidual farms. A detailed soil map indicating soil types, grade of dope, extent of 
erosion, and possible land use, is essential in order to plan a sound soil building 
and soil and water conservation program." 

They believe that adjustments in land use are fundamental to a sound agriculture 
as indicated in the following section. 

“There is need for adjustment in the use of land so that each acre is put to its 
most suitable use. 

“There is need for a plan for better use of large areas of land in the district. 

1. An area consisting of 67,634 acres or 21% of the county was designated non^agricultural 
land by the local land use planning committee. About one-half of this area is idle, one-fourth 
is cropland, and one-fourth is now in timber. Of this area, 30% was tax delinquent, 20% 
was operated by part-time farmers, and 31% of the families were on relief, in 1039. 

"2. Coal strip mining operations are rapidly taking many acres of farm land. Many 
of these farms can no longer adequately support families from the farm income. Community 
and social problems result from reduced land valuation and reduced tax income. The effect 
of strip mining operations on the ground water table, and the most practical use to be made 
of the spoil banks need consideration.” 

rd like to quote further from their program. 

'‘Erosion: 

“Over half of the land recommended by the Land Use Planning Committee for agricultural 
use in the county has a serious erosion problem. The remainder has a moderate erosion prob¬ 
lem. Thousands of acres in the county have already been abandoned for farming because of 
erosion and thousands of acres are rapidly approaching abandonment. There is a need to 
develop and put into operation on most of the agricultural land oi the county a program of land 
use and approved erosion control and water conservation practices. 

“Water: 

“Because of the great amount of water requited for crop production, farm water siq>ply, 
and industrial purposes in this area, the constant lowering of the ground water table and the 
heavy run-off and frequent occurrence of Hoods, there is a growing need to increase the water 
intake of agricultural and non-agricultural lands of the county. Hence, water conservation 
practices need to be adopted on all lands in the district. 

“Farm Woodlot Management and Reforestation: 

“The county land use study indicated that 13% of the recommended agricultural area is 
now in farm woodlots of which 70% is now being pastured. It further indicated that 65% of 
the farm buildings are over 60 years old. A farm woodlot is needed on each farm to moke 
the needed repair and replacement of farm buildings. , . .There is need for reforestation of 
many acres of idle and unproductive pasture and crop land, 

“WnuDLiPK: 

“There is a need for protection of wildlife, and to kuprove ground cover and utefease food 
for wildlife,” 
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These extracts give you a good picture of what the supervisors and farmers 
in the district think are some of their most important problems demanding their 
attention. There are many more which we will not take the time to read. Let 
us see what they are doing to improve the situation. 

Realteing the need of more information among the fanners in the district as 
being fundamental to the carrying out of their plans, their first proposal is as 
follows; 

^'Education: 

"The district supervisors will foster an educational program designed to carry out the 
purposes and the programs of the district. The program will include meetings, newspaper 
publicity, demonstrations, tours, addresses, discussions, and other devices for informing 
fanners and the general public as to the problems outlined herein, and the solutions of those 
problems. ..." 

To obtain the necessary soils information, the supervisors have requested 
that: 

"The Ohio Agricultural Experiment Station and the Soil Conservation Service, cooperating, 
make a soil survey of the entire district to be completed at the earliest practical date, and 
to make the soil maps and information available for immediate use in initiating and developing 
sound soil building and soil and water conservation practices. The supervisors will suggest 
the order of areas to be surveyed on the basis of interest and development within the district; 
and will use the maps to present land conditions, problems, and recommended programs to 
groups of farmers and to individual farmers.” 

To help with the technical planning: 

"The district supervisors will request that the Soil Conservation Service furnish trained 
men to develop plans for soil and water conservation and to assist fanners in adopting these 
plans. They further request the services of the specialists of the Ohio Agricultural 
Extension Service in developing various phases of the iistrict program and in carrying on 
educational work within the district.” 

The job of deciding what is needed on each farm, how to do it, and then fitting 
these plans into the farm operations, is the most diflficult part of the whole program. 
With a soil survey map as the basis, the supervisors request and coordinate the 
assistance of just as many farmers, specialists, and agencies as possible, such 
as the Soil Conservation &rvice, the Extension Service, FSA supervisors, farm 
organizations, vocational agricultural teachers, AAA committeemen, county 
commissioners, township trustees, and others. 

Most districts request the Soil Conservation Service to furnish assistance in 
helping develop conservation plans for farms and showing methods of application. 
The farmer himself applies the plan to his own land for the most part. Occa¬ 
sionally, when his problems tie in directly as part of a neighborhood problem, 
^ch as a large drainage ditch, his neighbors, the township trustees, highway 
department, and perhaps others, may all pool their efforts under the general 
guidance of the supervisors. I*d like to quote what they say about farm planning. 

"It is intended that the principal part of the farm planning for erosion control and water 
conservation be done by the group approach. An attempt will be made to get fanners 
with similar problems and conditions tc^ther and to develop with them plans for their farms. 

"A farm plan will consist of as nearly a complete farm program for soil and water con- 
^^servatkm as is possible. It will include adjustments to secure the best use of each acre, soil 
building pfacticBS, liming, rotations and cropping practices, conservation practices such as 
contour idtlvation, contour strip cropping, sod waterways and water diversions, drainage 
systems, water wpsAy systems, pasture management improvement, woodlot management 
and refo^tation,. and a stiggested balance betwe^ livestock and crops. It may also include 
farm power and labor adjustments and other factors of farm numagement which will increase 
farm income and improve family living." 
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We will not take the time to go into as much detail with the Clark County 
District. Somewhat the same general idea is indicated in their program, although 
expressed in a different manner and dealing, of course, with what they consider 
are their problems. They, like the ColumWana folks, feel the need of basic soil 
information and have requested a similar soil survey. I might add that both of 
these surveys are well along toward completion, the information being indicated 
on aerial photographs with individual pictures of his farm furnish^ to each 
cooperating farmer. 

The Clark County District supervisors list three major objectives: 

"(1) To conserve and build the soil. (2) To study and improve the water table. (3) To 
promote soil-saving agriculture that will maintain or better the fanners’ standard of living,” 

They list eleven major problems; including erosion control, drainage, water 
supply, rotations, pasture improvement, reforestation and woodlot management, 
and farm tenancy. 

These supervisors apparently believe in taking their own medicine because in 
the calendar they set up for farm planning they listed their own farms first. These, 
by the way, were planned last fall and are being put into operation this spring. 
They then listed the AAA Community Committeemen, followed by FSA clients. 
After these are planned, other planning groups will be arranged according to 
interest and requests as fast as they can be worked out. 

In studying their district, they recognized four major areas: (1) Level to 
undulating, (2) undulating to gently rolling, (3) gently rolling to rolling, and 
(4) rolling to steep. With this classification as a basis, they then decided upon 
practice recommendations for the cropland, pastureland, and woodland. For 
example, on cropland in areas 3 and 4, which include their rolling lands, the 
recommend strip cropping on all slopes over 100 feet long. They think all natural 
drainageways should be kept in sod. For their woodlands they are recommending 
trees for all steep and eroded areas, protection from fire and livestock, improvement 
cuttings, and sound management. 

I hope this partial review of the programs and work of these two districts 
may give you a clearer picture of what soil conservation districts are for and how 
they operate. You might say they are soil and water conservation cooperatives. 
Their goal is to secure the maximum production for each acre, indefinitely.^ 

There is nothing particularly new or mysterious about soil conservation. It 
is just good common sense applied to the management of land. By nature, every 
acre is best adapted to a certain use* Our job is, first, to get each acre classified 
into its proper UwSe; and, second, to get applied to each acre the necessary manage- 
ment practices. 

Over 5,000 farmers in Ohio are already fanning the Conservation'" way. 
They were cooperators with the old demonstration projects and CCC camps. 
They are trying these practices on their own farms and are finding them practical. 
What is particularly important right now is that they are finding that the applica¬ 
tion of some of these practices increases their crop production by 5,10, or 25 percent, 
or more. Thus, contrapr to the experiences of the last war, they can increase 
food production, which is so badly needed, and still have their farms in a good 
productive condition after the war is over. 

Even with approximatdy one-ninth of the state already oi^anized in soil 
conservation distnets, the job is barely begun. To do all we telieve must be 
done, every farm in these districts and in other districts to come, must apply those 
practices necessary to insure a permanent, prosperous agriculture. It's a big 
job—a tremendously important job. We ne^ your help —whatm you are, or 
M>herenef you are. To get the job done will require “The evetiastin* teamwork 
of every bloomin' soul." Then we can say again, with pri^ and assurance, “The 
Rainbow Comes Down in Ohio." 



BUCKEYE LAKE WHITE BASS 


LEE S. ROACH 
Section of Pish Management, 
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Columbus, Ohio 

White bass {Ltpihema chtysops) made up more than fifteen percent of all 
fish caught by trap nets over a twelve month period from Buckeye 

Lake. Calculations based on catch records from these nets indicate that there 
were over eighty-eight tons of these fish, beyond their first summer, in the Lake. 
Since this species made up less than one percent of the catch of anglers (sports 
or recreation fisherman) it seems wise, at this time of national emergency, to 
examine its growth, in Buckeye Lake, with reference to use as a supplemental 
meat food. 
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Pio. 1. White bass scalei'showing the main featutes, including a true annulus and a false 
annulus. This scab was taken from a seven*inch fish (total length) on June 17,1939. 


YEAR CLASSES 

In as much as each fish caught by the ndts was measured, curves of the length 
of predominating groups were prepared. These curves, were v^ illuminating. 
They exhibited three nodes indicating three year classes of fish of a size that could 
be retained by our nets. Samples of smaller fish were very difficult to obtain 
by seinii^ because they apparently roam through open water and do not inhabit 
auillow wores as do most of our other game Impedes. The rapid movement of the 
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two lax||et nodra (year cl^) to the right during the summer, however, indicated 
tuEt wis species had a fast growth and that there was probably but one year 
that not captured by our nets and that group consisted of the hatch of 
the y^oT, Pr^ September, 1939> on, part of this group was caught by our nets, 
Analy^ of several hundred scales (taken from the fish as they were caught and 
naeasu^), wnsidering the annulus formation as indicating one ccMUpletM year's 
^wt^ confirmed the assumption made from length frequencies (Piguie 1), 
Thiw Bu^^e Lake white bass afe primarily a three-year fish with a few hardy 
nvmg into their fourth summer (or occasionally longer). 

^idence sho^ that there is a decrease in numbers each successive year 
p<«ibly due to the hazards of life such as predators but apparently many of the 
tish die of old age. Boat livery men, particularly Mr. Bob Donaldson, relate 
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Pio. 2. Growth curve! of tedivi^U sad distr^tjoo <rf the total white ben populatioa in 
Buckeye Lake. Details of graphs ate teferred to in the teat. 

tlwt weak and de^ white bass are seen id tiie early spring drifting in the waters 
oi the wt end of Lake where they are not ooro^y found, and of course, 
many of those that d» sink to the bottom or are eaten by turtle and other scav- 
mgra and are themore not seen in numbers. We have, then, a ipecies d fis h 
tha^ppears to reach a physiolomeal limit in its life cycle at around its fourth year. 
This IB an unusual situation in that most species of wfldlife are not believed to 

th^h phynolpgical deterioration, because of *e vidlence 
ot natural hazard$ aurroundmg their eve^ day activh^, 

* U American lories Society nt Toronto in Sep- 

1942). These data appear with Figure 2 as Ch*aph 1, 
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VAKUTION IN VOLUME OF YEAK CLASSES 

The numbers of white bass in a certain year class may vary somewhat from 
year to year dq)ending on several factors, particularly success of ^>awiiing, avail¬ 
ability of food, population pressure, climatic conditions and the size and numbers 
of other predaceous fish. 

Graph 2 portrays this point and shovrs that fish hatched in 1937 made up 83 
percent of the total catch in 1938 (second year class), 31 percent in 1939 (^ird 
year class), and 11 percent in 1940 (fourth year class); whereas fi^ hatd^ in 
1938 made up only 63 percent of the second year class (1939), but 53 percent of 
the third year class (1940). 

GKOWTH 

Gn^h 3 was prepared to show the growth of white bass as calculated from 
measurements between annuli on the scales and as determined by the length 
measurements made m the field in 1939 and 1940. The close correlation is striki^. 
One would naturally assume some variations due to yearly food, climatic and 
population difierences, particularly in the smaller fish. This graph indicates that, 
on an average, white bass reach a length of nearly six inches their first year, nearly 
ten inches their second year and approach twelve to fourteen inches their third 
year. The near absence of fish beyond fourteen inches is worth mentioning. 

TOTAL NUMBBS 

The total number of white bass m Buckeye Lake was calculated from catch 
and recatch records using the formulae developed by Illinois and Wisconsin 
fisherines biologists and reported by Schnabel in 1938.’ 

From these calculaticms there appeared to be 1,636,088 white bass in Buckeye 
Lake in late July or early August, 1939. Graph 4 shows these in their respective 
year groups (as calcula^ in percentages of the^second, third and fourth year 
classes after determining the normal curve of the second year class). 

Examination of these data indicates that with 100 young of the year there 
were 21 yearlings, nine two-year>olds and one three-year-^d. 

MOVEMENTS 

Fisherman catch many white bass frmn Buckeye Lake in the early spring 
when they are apparently spawning or feeding on gizzard shad {Dwrosoma cepedi- 
spawn along the steep sided north batdc. 

Catcm records of our net (set at ronsiderable distance from the north bank) 
indicate that we missed the major sprin|[ movement However, for the I/ake as a 
whole (Graph 5) the movement of white bass decreased as summer progressed, 
increased tremendoudy in the autumn and gradually decreased with the approach 
ofvwinter. No white bass were taken under the ice sheet which covered the Lake 
in Januety and February, 1940. 

< AVAILABLE FISH 

Graph 7 has been'prq)Br8d to show the number of white bass present above the 
fingeriinjjf (first sununer) stage. With this is another Showing the weight of white 
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bass in each year class (this latter pyramid was prepared by using length weight 
conversion tables from which graph 6 was constructed). The data are from 
the same source as Graph 4. 

Examination of these p 3 rramids indicates that more than 386,000 white bass 
weighing 177,000 pounds (nearly 89 tons), all of yearling age or over, were present 
in Buckeye Lake in late July, 1939. 

If trap nets of the same mesh size as our test nets were used to harvest white 
bass, catch control insuring an adequate surviving brood stock would be compara¬ 
tively simple. For example, if all the fourth summer fish were removed by these 
nets and the other year classes were caught in proportion to their numbers in the 
Lake, 54 percent of the third summer fish and 22 percent of the second summer 
fish would be taken. This would average a removal of 40 percent of all adult 
fish from the Lake (53 percent by weight), leaving around 231,000 breeders in the 
water. This broCd stock plus young of the year should be more than adequate 
to repopulate the Lake by the following fishing season. (Thompson and Bennett, 
1938). 

If evidence arises to the effect that an overtake occurs and depopulation is 
imminent, reduction or curtailment of take could be easily made. In any event 
46 tons of white bass or any portion thereof should be a worthwhile addition to the 
central Ohio meat supply. 
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Milk Sickness 

Dr. Moseley, in his book “Milk Sickness Caused by White Snakeroot.” has presented material 
which he has collected on the subject for a period of over forty years, including his discovery 
of the causative agent, White Snakeroot. History of the scourge of milk sickness in pioneer 
days, experimental evidence as to the causative agent, symptoms of the illness in farm animals. 
laWatory animals and man, medicnl treatment and description, illustrations and distribution of 
White Snakeroot, are subjects which make up most of the volume. The book will be of value 
and interest to medicnl men, veterinarians, a^culturists, historians, and botanists.— G. W. B. 

Milk Skkneu Cauaed by White Snakeroot, by Edwin Lincoln Moseley. 171 pp. Utho- 
CTaphed. Published jointly by The Ohio Academy of Science and the author. 1941. 11.00. 
A copy will be sent to any member of The Ohio Academy of Science without cost. To obtain 
a copy, write to Mrs. Etnel M. Miller, Librarian, Botany and Zoology Bldg., The Ohio State 
University, Columbus, Ohio. 


World Trade In Agricultitral Products 

It is remarkable to have compressed within a single volume so much information on a large 
and important subject. The review of agricultural export^ and import during the years between 
World Wars I and II gives us a picture of our present situation and possible guidance for the 
future. Agricultural trade not only shows us the peaceful ways of balancing illogical distribution, 
but points to backgrounds of conflict. This volume has a high measure of r^bility since the 
basic data are from the International Institute of Agriculture at Rome and otxr ami United 
States Department of Agriculture. It is an indispensable handy reference for any cme inteiested 
in a world view of agriculture. Topics covered in the chapters mdude cotton, wool, silk, rubber, 
tobacco, coffee, tea, sugar, wheat, rice, meats, fats and oils.—A. E, WaMif. 

Worid Trade in Agricultural Producta, by Henry C. Taylor and Anne Deweds Taylor. 286 
pp., 28 charts, 18 maps, 59 statistical tables. The Macmillan Co., New York, IMS. $&60. 



RECORDS OF OHIO DRAGONFLIES 


B. ELWOOD MONTGOMERY, 

Purdue University, West Lafayette, Ind. 

During the past few years a large number of Ohio records of dragonflies have 
been accumulated from collections received for determination and from personal 
collecting within the state. These include numerous new county records and one 
species new to the Ohio list. All of the specimens were identified by the author 
except one specimen each of Epiaeschna heros and Perithemis tenera and a series 
of 40 specimens of Anax junius, the records of which were furnished by Homer 
P. Price. 

All of the recotxis from Defiance, Mercer, Paulding, Putnam and Williams 
counties are based upon collectioiis made by Homer F. Price of Payne, Ohio. 
The greater part of those collections were made in Paulding County throughout 
the 1942 season, although a few were obtained in the latter part of the summer of 
1941. Localities listed for Paulding County include Flatrock, Marie DeLarme 
and Blue Creeks, the Auglaize River at Fort Brown, the Maumee River in Crane 
Township and gravel pits in Benton and Paulding Townships. Mr. Price’s 
collections from the other counties were made during 1942, as follows*. Defiance— 
Auglaize River near power dam, May 24, June 15, July 7, 27 and 31; Auglaize 
River near Defiance, July 27; Maumee River near Independence Dam, July 7; 
Mercer—Grand Lake, July 4; Grand Reservoir, July 22; St. Mary's River, July 4 
and 7; Putnam—Auglai 2 se River east of Cloverdale, June 28; Williams- Nettle 
Lake and St. Joseph River, June 22. As all of these collections represent new 
county records they are given, with such notes and comments as seem of interest, 
in the list l)elow. 

One of the specimens collected by Mr. Price belongs to a species {Somatochlora 
linearis Hagen) not previously reported from Ohio. This species has a range 
covering the eastern half of the country; there are records for most of the states 
from Quebec and Maine to Georgia, and for Missouri, Illinois and Indiana In 
Indiana it has been found to be rather abundant locally, mostly along woodland 
streams, or in neighboring open glades and roadways through the forests (Mont- 
gomeiy, 1934, 1941). The most recent paper on Ohio Odonata (Borror and 
Epstein, 1942) gives the number of species known from the state as 132, and the 
present addition brings this number to 133. 

Records from Erie, Marion and Ottawa counties were compiled from collections 
made by Robert P. Mullett. The Erie County collections were made in the 
vic^ity of Sandusky from April to July, those from Marion at Durfee's Lake, 
Marion, June 9, and the Whitstone River at King's Mill, July 15, and that from 
Ottawa on South Bass Island, August fi—all during 1942. The South Bass Island 
collection included specimens of NeoUirum pulchellum, Pachydiplax longipennis, 
Argia apicaliSt A. meiesta, EmUlagma catunculaium, £. ebrium, £. exs^ans, £. 
kageni, and Iscknura verticalis This date, August 6, extends the known seasonal 
range in Ohio of £* ehrium and £. hageni, the latest previous records being July 15 
and July 10, respectively. On April 30, at Sandusky city dump, Mr. Mullett 
found females of Iscknura verticalis ovipositing and “observed one female laying 
eggs in a cattail stem under water for three minutes and ten seconds.”, Anax 
junius was taken here on the same date and later in the season 14 other species— 
Gompkus spicatuSf Perithemis tenera, Holotania luctuosa, Plaikemis lydia, N. 
pidchdlum, Sympelrum ohirmum, 5. rubicumiulum, P. hngipennis, Erythemis 
simplicicoUiSi Tramea lucerata^ Lestes di^unctus, A. apiqalis, Enailagma anten- 
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Hotum and E. exsulans —^were taken at the same habitat and/or in an adjacent 
quarry. 

Portage County records were obtained from a small collection made 
near Garretts^^e in 1936 by William Thrasher and sent in exchange for q>ecimens 
of Coleo^era. 

The Darke County specimens were collected along Greenville Credc, two to 
five miles southeast of Union City, June 26, 1942, by E. Phillips Blackburn and 
the author. 

The Butler County records are the results of two visits to the campus of Western 
College at Oxford to obtain specimens of Archiies4es pandis Rambur. A collecting 
party consisting of Lynn Robertson, Jr., Marshall B. McDonald and the author, 
made a brief stop August 24, 1939, en route home from a collecting trip to the 
Southeast (Mon^omery, 1940), and the author, accompanied by Ifis wife and 
daughter, spent a short time here October 6, 19^^. The creek on the Western 
College campus has been described by Williamson (1930) in his account of the 
capture of grandis here, September 26 and October 11, 1927—the first record of 
this species northeast of Oklahoma. In 1939 we found this creek very low, only 
a trickle of water through the culvert in the dam below the pool and only scant 
cupfuls here and there among the broken pieces of limestone in the cre^ bed 
below the dam. In 1940 there was even less water and the pool above the dam 
was reduced in size with some mud fiats exposed around its margin. No individuals 
of A. grandis were seen around or above the pool where Williamson found them 
comparatively abundant in 1927, but a few males—one in 1939, two in 1940—^were 
seen and captured in the creek bed below the dam. In 1939 we found several 
other species of dragonflies around the pool—swarms of Erytkemis simpticicoUis 
and Iscknura verticalis, considerable numbers of Pachydiplax hmgipennis and 
Endlagma civile, and occasional individuals of Plathemis tydia, Eolotania luctuosa, 
Tramea lacerate (tenerals), Lestes rectangtdaris and Iscknura posUa. In 1940 the 
season was quite late at the time of our visit and dragonflies, except Sympetrum, 
were rather rare. The specimens of Sympetrum t^tured included obtrusum —3 cf, 
rubicundulum —1 tf, and vicinum —11c?, 59. Tne other ^jecimens taken were 
Aeshna umbrosa —1 9 , Lestes congener —5 c?, EnaUa^ma civile —1 cf, and Iscknura 
verticalis —1 c?, 3 9 ■ The presence of A. grandis m the same habitat after an 
interval of 13 years indicates that it has established itself mcM% or less permanently 
in this region. 

Only a few representative and especially interesting specimens from the col* 
lections determined for Homer P. Price and Robert P. Mullett were retained for 
the collection of the author, the remainder were returned to the collectors. The 
1939 specimens from Butler County were sent to the Museum of ZocAogy at the 
University of Michigan. All other specimens are in the collection of the author. 

In the following list the species are numboed accending to Bcuror’s 11^7 and 
1938 lists and the records are given by counties. However, interestiag observe* 
tions, dates extending the known seasonal range for Ohio (thei» datra are starred*), 
and further information on specimens of rare or unusual species are included and 
additional collection data are given for records of specimens not included in the 
cc^lections. described above. 

4. Opktogmphus rupmsulensis (Walsh), Ashtabnla—1 d, Geneva, 'Auguat 4, 1940, 
A. L. Burhanna. 

8, Gomphus ertusus Hagen, Defiance—Auglaiae River, June 16 and ’July 7. 

10 . Cvmphtu frtUemus (Say). Putnam. 

12 Gompkus eraslinellus Woleh. Defiance—Auglaiee River, June 15, July 7; Paiddioc— 
Platrock Creek, June 5, July 2,14, and *27. 

25. Dromogemphus speUaUu (Hagen). Defiaaoe. Patddiag—A^glaiMe River at pooHur 
dam and near Port Brown, *June 21 to *July 81. 



No. 6 


OHIO DRAGONrUES 


269 


31. Anax Junius {Dmry}. Mercer, Paulding. Mr. Price sent records of about 40 speci¬ 
mens of this species taken in Paulding County from September 6 to October 8, 1942, with a 
note that '^several attempts were made after October 8 to take specimens, but none were seen/' 

34. Epiaesckna keros (Fabricius). Paulding—19, May 6, 1942, “found nearly dead on 
screen on cold morning by Dorothy Wood/' 

36. Aeskna constricta Say. Paulding. 

88. Aeskna U 1 nbtosa^s^k.^T. Portage. 

42. CofduUgasier ohliquus (Say). Portage—1 tf’, May 29, 1936. 

46. Macromia taemolata Rambur. Defiance—1 c?, July 27, and 3 c?*, July 81, Auglaize 
River near power dam. Two of these specimens vary sonnewhat from the characteristics 
listed for this species by Williamson (1909) towards those of wahaskensis —keel of second tibia 
approximately one-third of length of tibia (keel 3.5 mm., length of tibia 11 mm.), a single dorsal 
yellow spot on segment 8, and lateral yellow spots on Irons. Also a female taken along the 
Auglaiae River at Fort Brown, Paulding County, June 21, 1942, does not belong to this species, 
but as the specimen is somewhat teneral its specific position is difiicult to determine. These 
^>ecimens, along with a considerable number from other sources, are being held for further 
study as there is much need for a thorough revision of the North American species of Macromia. 

*133. Somaiockhre linearis (Hagen). Paulding—1 cT, Flatrock Creek, August 3, 1941. 
This is an addition to the Ohio list. 

54. Petitkemis tenera (Say). Mercer, Paulding. 

64. Holotama luctuosa (Burmeister), Paulding, Williams. 

66. Plalhemis lydia (Drury). Defiance, Paulding, Williams. 

66. Neotelrum pulckellum (Dmry). Defiance, Williams. 

68. Eolibellula semijasciaia (Burmeister). Paulding. 

70. Sympetrum ambizuufn (Rambur), Paulding—1 cT, along open ditch at edge of wood- 
lot, *October 4. “Three heavy frosts before this date." Sympetrum vicinum and Lestes 
disjunctus were also taken on this date. 

72. Sympetrum ohtrusum (Hagen). Butler, Williams^ 

73. Sympetrum ruhicundulum (Say), Defiance, Merber, Paulding, Williams. *May 5 to 
♦October 6. 

76. Sympetrum vicinum (Hagen), Paulding. 

77. Leucorrhinia intacta (Hagen), Marion, 

78. pQchyd^plex longipennis (Burmeister). Defiance, Marion, Mercer, Paulding. 

79. Erythemis simplicolUs (Say). Butler, Williams, 

81. Pantala hymenaea (Say) . Paulding—1 9, *September 19. 

82. Tramea Carolina (Linnaeus). Marion, Paulding. June 9. •September 14 Mr. Price 
noted on September 14, that “the Trameas were rather common around the yard and orchard 
today. There was a stiff breeze and the Trameas hunted in the lee of the trees and rested well 
up on the higher branches where I could not get at them.” 

83. Tramea lactfota Hagen. Paulding. 

87. Calopieryx maculatum (Beauvois). Darke, Paulding, Williams. 

^ 88. Hetaerina americana (Fabricius). Darke, Putnam. 

91. Lestes congener Hagen. Butler, 

92. di^unctus Selys. Defiance, Marion, Mercer, Paulding, May 12 to *Octobcr 4. 

96. Lestes rectang^latis Say. Mercer, Paulding, Williams. 

97. Lestes dryas ibrby. (Listed by Horror as L. uncalus Kirby, but Cowley, 1935, has 
shown that this'name is a synonym.) Mercer, Paulding. ‘Jime 5 to July 14. 

98. Lestes unguksdatus Hagen. Paulding, 

100. Argia apkaiis (Say). Defimioe, Marion, Mercer, Paulding, Putnam. 

102. Argia maesta (Hagen). Defiance, Marion. 

104. Argia Ubialis (Ratfibur). Darke, Marion, Mercer, Williams. 

205. Argia viaheea (Hagen). Darke, Paulding, Williams, 

108. Ampddagriea sauckm (BurmeisteT), Williams. 

JlO. (Sa^ Paulding. 
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128. Enallagma basidens Calvert. Paulding. June 15 to August 2. 

113. Enallagma carunculatum Morse. Darke. 

114. Enallagma civile iHAgen). Defiance, Paulding. 

118. Enallagma exsulans (Hagen). Darke, Defiance, Marion, Paulduig. '*May 14 to 
August 7. 

121. Enallagma stgnalum (Hagen). Darke, Paulding, Williams. 

124. Ischnura postla (Hagen). Marion, Paulding. 

126. Jschnura verticalis (Say). Defiance, Marion, Paulding. 

127. Anomalagrion hastatum (Say). Darke. 
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Aerial Photographs 

New views of our old world can bring new thoughts and, jjerhaps, help teach man a little 
more about how to live decently. Aviation gives man a new environment and a better chance 
to interpret familiar scenes. Mapping from aerial photographs has been sliown to have practical 
advantages over surface surveys for certain purposes. The list of occupations in which aerial 
photography is becoming a usdul tool is growing rapidly. Of equal importance is a knowledge 
of how the photographs nave been made and how they arc to be interpreted. Dr. Smithes book 
rounds out, in a satisfactory way for beginners, the many things we can learn from good 
photographs.— A. £. Waller, 

Aerial Photographs and Their ApiflicatioQS, by H. T. U. Smith. 312 pp., many photo¬ 
graphs. D. Appleton Century Co., New York, 1943. $3.75. 


Fogo, Ciouda and Aviation 

The ninety-three full-page photographs of cloud forme and cloud phenomena in this little 
book leave only one hundr^-six pages of text, index and rrferences. But these pages are 
delightfully written in clear and as nearly non-technical English as is practically possible. For 
those possessing but an dementary knowledge of physics, the explanations of the various cloud 
formations help in understanding and appreciating these commonly disi^arded and unappre¬ 
ciated natural phenomena. For the amateur meteorologist these explanations are aids in making 
short range weather predictions. For the aviator both in peace and wartime there are sug¬ 
gestions for making use of the existing clouds. He is also shown which ones to avoid. Tms 
book cannot fail to interest all those for whom the weather is more than something to grumble 
or exclaim about.— Richard T, Wareham, 

Fogs, Clouds and Aviation, by W. V. Humphreys. l-Xn-h200 pp.; 94 full-page illustrations. 
The \^liams and Wilkins Co., Baltimore, 1^. ^.00. 


B^iind the Sulfa Drug a 

The readers of Dr. Galdston's essay will be interested in tracing the changes in thinking about 
diseases as bacteriology has advanced. Claude Bcmard*8 dictum ^‘That which we know fre- 
quently impedes us in acquiring new knowledge” Is apropos. While we may kill bacteria outside 
the human body with substances like corrosive sublimate, or iodine, we are bwidicapped trying 
to use the same methods to kill if the organisms are inside living cdls. Bacteriology and 
Chemotherapy overlap somewhat. Chemotherapy now augmented by the sulfa drugs and with 
penicillin may be said to be getting started. Readers wut find that the background includiv 
more than the decade of research that brought forth the sulfa drugs.— A, E. Wmer, 

Behind the Sulfa Drugs, by lago Galdston, M. D. 174 pp. Appleton Century, New 
York, 1943. 
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Class 4. CILIATA Petty, 1852. 

Possess cilia or cirri during the trophic stage. 

Order 1. Holotrichida Delete and Hdrouard, 189(). 

Cilia uniformly distributed over the entire body surface. Adoral zone never present. 

Family 1. Isoirichidae Biitschli, 1889. 

Body covered by a thick pellicle. Ciliation uniform and thick. (Majority foimd in 
the mid-intestine of ruminants.) 

Genus 1. Itotricha Stein, 1858. Body ovoid. Cytostome at anterior end or 
somewhat to one side. 

IsotrlchA cauUeryi Weill, 1929. 

References; (1) Weill, 1929, 24. 

Synonymy: Name unchanged. 

Hosts: (a) Pertplaneia americana (Linnaeus), (1), 

Habitat: Alimentary canal, (la). 

Distribution: French Indo-Chtna, (la). ^ 

Order 2. Heterotrichida Delage and Hdrouard, 1896, 

Body usually covered by delicate cilia. Adoral zone, which is wound to the right (clock¬ 
wise), composed of strong cilia or membranellae. 

Family 1 . Plagiotomidae ClaparMe and Lachrnann, 1858. 

Adoral zone parallel to main body axis; peristome narrow and long. 

Genus 1. Hyctotherus Leidy, 1849. Body oval or reniform. Peristome begins 
a little back of anterior end of body and forms cytostome. 

Nyctotherus ovalls Leidy, 1850. 

References: (1) Siebold, 1839, 69; (2) Leidy, 1850, 100; (3) Leidy, 1853b, 244; (4) Leidy. 
1858c, 41; (6) Stein, 1854, 42; (6) Leidy, 1866, 43; (7) Stein, 1866, 36; (8) Clapar^e and Lach- 
nmnn, 1868, 240; (9) Stein, 1859, 78, 84. 86, 90; (10) Stein, 1860, 60; (11) Stein, 1862; (12) Stein, 
1867, 344; (18) Leidy, 1879,204; (14) Grassi, 1881, 197; (15) Schuster, 1898.244; (16) Belar, 1916, 
242; (17) Zulueta, 1916, 5; (18) Kudo, 1922, 113; (19) Yakimoff and MUlcr, l^a, 9; (20) Yak- 
imoff and Miller, 1922b, 138; (21) Pinto, 1926, 14; (22) Tenera, 1926, 1382; (23) Bhatia and 
Oulati, 1927, 86. 113, 116; (24) Lucas, 1927b, m, 282; (25) Lucas, 1928, 161; (26) Weill, 1929, 
22; (27) McAdow, 1981. 16^ (&) Balch, 1982, 237; (29) this paper, parts 11 and III. 

Synonymy: “Leucophrys-artiges Infusorium/* (1); Nydoiherus ovaHs, (2), (3), (4), (6), (11). 
Q2), (13). (14). (15), (18), (19). (20). (2l\ (22). (24), (26), (26), (27), (28). (29); 

Bufsarta blaUarum (6), (7), (9); Flagiotoma BlaUarumf ( 5 ), (10); PlaEtotoma biattarum (9). 
Hosts: (a) BktUem germatUca (Linnaeus), (5). (i^), (27); (b) Farcoblatta pensylvanica 

S sGeer). (29, N, awdis variety?); (c) BlaUa orwutofo Linnaeus, (1), (2), (3), (4), (5), (17), (23), 
), (27); (d) Penplaneia americuna (Linnaeus), (15), (21), (28), (25), (26). (27); (e) Or^oUUpa 
grythUU^ Linnaeus, (28); (f) Undeterniined species of wood*cockraachea, (21). 

»Part I: Ohio Jour, Sci.. 36; 815-820. 1936. Part II: Ohio Jour. ScL. 89:157-181, im. 
Part III: Ohio Jour, Sd., 41: 467-464. 1941, Part IVr Ohio Jour. Sci., 43: 221-234, 1943, and 
continued in this issue. 
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Habitat: Alimentary canal, (Ic), (2c), (dc), (5a), (5c}i (17c}, (21d), (21f), (2Sa), (23b), (23d); 
mid-intesliiie, (2S)d; hind-inteetine, (23a), (24c), Cm), (20b); colon, (16d), (27a), (27c), (27d); 
rectum, (27a), (27c), (27d). 

Distribution: Brazil, (21d), (21f); London, England, (24c); French Indo-Chiaa, (26d); 
Berlin, Gerxnai^, (17c); Lahore, India, (2dd); United Stat^ (2c); Urbana, Illinois, (18c}; Ohio, 
(27a), (27c), {27d); Champaign County, Ohio, (29b)- 

Family 2. Bursariidae Stein, 1867. 

Adoral zone parallel to main body axis. Peristome wide, triangular and deep. 

Genus 1. Balantidliun ClaparMe and Ladunann, 1858. Body large, oval to 
subcylindric, slightly truncate anteriorly. Peristome medium iride and 
slightly oblique in direction. 

Balantidium ovatum Ghosh, 1922. 

References: (1) Ghosh, 1922b, 371; (2) Bbatia and Gulati, 1927, 85; (3) WeiU, 1929, 22; 
(4) McAdow, 1981, 21. 

Syrronymy; Name unchanged. 

Hosts; (a) Peripianeia americana (Linnaeus), (1), (3). 

Habitat: Alimentary canal, (la); rectum, (3a). 

Distribution: French lndo*China, (8a); Calcutta, India, (la). 

Balantidium blattarum Ghosh, 1922. 

References: (1) Ghosh, 1922a, 15; (2) Bhatia and Gulati, 1927, 85; (3) McAdow, 1931, 21. 
Synonymy; Ns^e unchanged. 

Hosts: (a) Periplaneta americana (Linnaeus), (1). 

Habitat: Alimentary canal, (la). 

Distribution: Calcutta. India, (la). 
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Tropical Paradiae Loot 

This is the story of an expedition to collect seeds from the PhiHppmes and Netherlands 
India. Dr. and Mrs, David Faiixdrild were guests of Mm. Anne Archbofd on her Chinese junk 
**Cheng Ho." Fron^anuary t(^uly in 1M9 they sailed amora the islands of the Celebes S^, the 
Bauda Sea and the Sea. T^ey travded as far as Manila in the North to Amboina in the 
Southeast and Soerabaja in the Southwest. Some ports led them to old friends and one wondeclL 
on reading this two yentB after Pearl Harbor, what may have become of them. The ^'finds 
were safeify returned in spite of war-time pfoblems. As was brought out in the two previous 
books of E>r. Fairchild, the book is not the rem end product. There are many interesting ptantings 
growing up in many places from the materials introduced. The 125 photogn^^hs would atobe 
make this book an excellent record of tropical plants. It is not given to many men to produce a 
post-autobiography; fewer still take a recall bow so gracefully.—A. E, IVAUer, 

Garden Islands of the Orest Bast, by David Fairchild. 289jgp., 135 photographs and nap 
inside jacket. Charles Scribner's Sons, New* York. 1943. SS.TP' 


Animal B r ee d ing Pleas 

The second edition of that excellent text on animal breeding differs from the first edhioa 
principally in two chapters, The chapter "How S^ection Chaiwee a Population" has been 
expanded into two chapteors, "How Selection Changes the Genetic Composition of a Population" 
and "How Selection Chan^ a Pcmulatkm—The Outward Results.**^ The chapter on ^•The 
Family System" has been expanded and entitled '^Family Structure of Pcpuiatos,*^ These 
changes are notaUe improvements in that the material is brought up to date ami is also presented 
in a simpler manner. 

This text is derigned for the professionat student of animal breedingt who hM had courses 
in genetics, physiology and animal husbandry* The author has dcme a whty gwpmeodhWe jt4> 
of presenting the applications of sound genetic prinoifdes to the many pmmm eonfmothag the 
practical anhnal breeder. Profeswnal animal medors^ well as Studente of advanced ambud 
husbandry, can ill afford to overlook Animal Breeding Pteufe—/>* C; 

Animal Breeding PlenSi Second Edition, hy Jay L. Lm(h, The Iowa State CoUsgiete PTeei,. 
Ames, Iowa. 1943. 18,60. ^ 
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CONTRIBUTIONS TO THE STRATIGRAPHY OP THE 
ALLEGHENY SERIES IN COLUMBIANA AND 
MAHONING COUNTIES, OHIO 

Part II. The Stratigraphy of the Middle Kittanning Coal 
Between Greenford and Washingtonville, Ohio 

MYRON T. STURGEON. 

Michigan State Normal College» 

Ypeilanti, Michigan 

The Kopp Klay Kompany has a small plant for the manufacture of building 
tile at Greenford in Green Township* Msdioning County, Ohio. This plant is 
located about 0.6 of a mile east of the Greenford square on the south side of the 
road and on the west side of the Niles and Lisbon branch of the Erie Railroad. 
(See Figure 1.) 

Formerly the clay used for making the tile came from a now abandoned mine 
at the plant. This mine, which was opened many years ago by Andrew Reichstadt, 
will be herein called the Reichstadt mine. It has long been a matter of dispute 
among geologists and local miners whether the clav used in this tile plant is the 
undercl^ of the Lower of Middle Kittanning coaU Some believe that it is the 
Lower Kittanning clay, others are equally certain that it is the Middle Kittanning 
clay, and still others are uncertain as to which of the Kittanning clays it is. 

I talked recently with a son of Andrew Reichstadt who was able to tell me that 
the mine was opened about 76 years ago but was unable to give me much informa¬ 
tion concerning the mine. The oldest possible written mention of this mine 
and at that a very uncertain one was made in 1878 by Newberry, who wrote as 
follows;^ 

the east part of the Township (Green), Coal No. 4 has been opened on the farms of 
Reichstahl and Roller but is not now worked.” 

It is entirely possible that Newberry misspelled the name Reichstadt and that 
the location mentioned is the mine in question, but the different spelling of the 
na^pe and the uncertainty of the exact location are only suggestive at best. New¬ 
berry's Coal No. 4 is now known to be the Middle Kittanning coal in this vicinity. 

Orton was the next geologist to visit the locality under consideration, and there 
is no questbn that the Reichstadt mine was in operation at that time. He wrote 
as follows:* 

”A mile and a half !K)uth . . at Green Station, the Lower Kittanning coal makes its 

fitvt appearance. ... It has been mined here by Andrew Reichstadt on section 23. It lies 
about 15 feet above the railroad. ... 

^Newberry, J; S.; R 0 port on the Goology of Mahoning County^ Geol. Surv. Ohio, Vol. Ill, 
p* Sl2. (187S*) 

Klrton, Ed.: The SiraHgraphicul Order of the Lovmr Cool Measures of Ohio, Geol, Surv. 
Ohio, Vol. V, pp. (ISM.) 
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“The (Lower) Kittanning coal can be followed from Green Station to the southward along 
the valley of the Cherry Pork, without difficulty. It falls a little faster than the valley, so 
that at the Walters Mine, section 36, Green township, it lies about level with the railroad." 



SCALI casoo 


It ACTIVE MINE 
ABANDONED MINE 
• EXPOSURE 

Fig. 1. Portion of the Lisbon Quadranele showing the location of Greenford and Wash- 
ingtonville and the localities at whi^ the Middle Kittanning coal and associated strata were 
studied. Inset shows an outline map of Mahoning and Columbiana Counties, the area within 
the Lisbon Quadrangle, and the location of Greenford and Washingtonville. 

1. A. Reichstadt Mine. 4. M. and L. Scbnurrenberger Exposure. 

2. M. A, Less Mine. fi. E. R. KurU Exposure. 

C. J. Roller Prospect Pit, 6* M. RoIIct Exposure. 

7. J. A. Stouffer Mine. 
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Although Orton called this coal the Lower Kittanning, three miles further 
south at Washingtonville the Lower Kittanning coal with which he correlated 
the Reichstadt coal has been shown by Stout and Lambom to be the Middle 
Kittanning coal.* 

No detailed section of this mine was published until 1923, when Stout wrote 
as follows 

“At Greenford, Green Township, the same members arc worked by the Kopp Klay 
Kompany for the manufacture of building block. The beds are reached by a slope. A record 
taken in the mine follows: 

Shale 

CoqX^ Lower Kiitanning . . ,2^3*' 

Clay, li^ht, lower part siliceous, Lower KiUanntng 7' 0" 

Shale, siliceous. 

“The thickness of the clay vanes from 6 to 8 feet, but averages about 7 feet. The over- 
lying coal is of fair quality and is used in manufacturing the clay into ware. The clay is above 
drainage along the mam valleys in the southern part of the county, but owing to the thick 
covering of drift it is seldom well exposed for measurement The quantity of material avail¬ 
able, however, appears to he large.” 

Lambom gives an almost identical section in a recent report.® 

As can readily be seen from reading the above there have been different opinions 
of the correlation of the coal and clay in the Reichstadt mine. Orton and possibly 
Newberry believed them to be the Middle Kittanning members, and more recently 
Stout and Lamborn have identified them as the Lower Kittanning members The 
mine is now abandoned and cannot be restudied at present. 

In 1939 I visited a new mine whic’h had been opened at approximately the 
same level and presumably on the Siiinc coal and clay almost directly across the 
valley on the east side of Cherry Valley Run on the Mary A. Less fann in the 
northeast quarter, Section 23, Green Township, Mahoning County. The rocks 
in this new mine, herein called the Less mine, were studied at that time, and the 
section of the strata is as follows. 


9. 

8 . 


7. 

C. 


6 . 

4. 

3. 

2 . 


1. 


Sandstone; gray, massive or bedded, fine grained, 
exposed, Lower Freeport 

Shale; gray, slickensided.. 

Shale; dark gray, pyritiferous, nodular, fossiliferous 

Shale: black, bony, sparingly fossiliferous. 

Shale: gray, slickensided; with clay ironstone concretions. 
Shale: black, bony, fossiliferous , . 

Coal; bony, resembles cannel coal,... 


I Washingionmlle ,. 


Coal: with thin irregular marcasite partings 




Middle Kitlanmng 


0*^ 

2 ' 6 ' 
( 0' y 

’ V 6*^ 
4' G*' 
0 ' 9 ' 

I 0 ' 6 ' 

I 2 ' 0' 


Clay: li^ht gray with a few inches of dark clay at base of the coal at most 
places in the mine, plastic; with lenses of light gray, fine, compact sand¬ 
stone up to 1 foot in thickness, exposed. 10' 0' 


From a comparison of the above section with the local lithology of the Lower 
and Middle Kittanning coals and their associated strata it was reasonably certain 
that these were the Middle Kittanning coal and clay. The strata associated with 
the Kittanning coals in this vicinity normally have such a different lithology 


•Stout, W., and Lambom, R. E.: Geology of Columbiana County, Geol. Surv. Ohio, 4th 
series, Bull. 28, pp. 168-159. (1924.) 

•Stout, W. et al.: Coad Formation Clays of Ohio^ Geol. Surv, Ohio, 4th series, Bull 26, p. 332. 
(1923.) 

•Lambom. R. E.: The Cool Beds m Southeastern Mahoning County^ Geol. Surv. Ohio, 4th 
series, Bull. 48, p. 80. (1942.) 
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and succession that each can be readily recognized at most places. The following 
is a complete and composite section illustrating the local stratigraphy of these two 


coals and associated strata: 

17. Sandstone, Lower Freeport. 

16, Shale; gray; with clay ironstone concretions, thickness variable. 6' 0' 

15. Shale: black, bony, fossiliferous, marine, . 1'6' 

14. Shale: dark gray; with clay ironstone concretions, thickness variable.... 3' d*' 

13: Coal, Middle K%tianning ... ^ . 2' 4" 

12. Clay: gray, plastic, siliceous , . 1' 6' 

11. Limestone: gray, nodular, ferruginous, freshwater, Salem . .. 1' 0' 

10. Clay: very local, Oak Hill . . . 2' O*' 

0, Shale and (or) sandstone .. 30' 0' 


8, Shale: gray, fossiliferous, marine ... 

7. Shale: gray to gray-black, fossiliferous, marine; 
with nodular fossiliferous limestone; locally with 
cone-in-cone. 

6. Shale: black, bony, fossiliferous, brackish or 
marine. . . 


6 . Coal, Lower KvUanmng . 3' 0' 

4. Clay: gray, plastic .... ., 2' O*' 

3. Coal: impure, locally absent, Lawrence . . , , . 1' 8^ 

2. Clay: gray, plastic .. 8' 0' 

L Shale and sandstone . . 25^' 


The following featua^s of the section in the Lees mine suggest the Middle 
'Kittanning members: 

(1) The presence of the sandstone, zone 9. 

(2) The presence of the fossiliferous shale, zones 6 and 7. 

(3) The presence of shale with clay ironstone concretions, zone 5. 

(4) The absence of a nodular marine limestone, zone 7 in the above composite section. 

(5) The absence of an impure coal in the underclay, zone 3 in the above composite section 

(6) The thickness of the coal, zones 2 and 3. 

On the other hand, some of the features of the same section are indicative of 
the Lower Kittanning members: 

(1) The presence of black, bony, fossiliferous shale immediately overlying the coal, zone 4. 

(2) The presence of canncl coal on top of the bituminous coal, zone 3. 

(3) The absence of the nodular freshwater limestone at the base of the Middle Kittanning 
underclay, zone 11 erf the composite section. 

(4) The thickness of the underclay, zone 1. 

Unfortunately none of these evidences is positive proof of either member; for 
exceptions are ever the rule in the lithology and strati^phy of the coal measures. 
For example, the distribution of both the Salem and WaShingtonville members is 
irregular, and there are localities where fossils are in the layers immediately on top 
of the Middle Kittanning coal as occur in Section 26. Perry Township, Columbiana 
County and at Teegarden in Section 32, Salem Township, Columbiana County.* 
There is still another means of checking the identity of these members. 


•Sturgeon, M. T: The Slratigraphy and Paleonioloey tjjf Ae Middle Fortion of Ae Alkgkeny 
Formation of the Lisbon (Ohio) Quadtmglet Master's Thetis, Ohio State University, pp. 40 
and 47. (1933.) 


Hamden 


I 4 ^ 0 ' 

0 ' 10 ' 
0 ' 8 ' 
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Both Kittann^ coals are definitely known and were formerly extensively 
mined in the vicinity of Wa^ingtonville, which is distant from tm Less mine 
about thro miles south and a little east along Cheny Valley Run. There the 
Lower Kittanning coal is below drainage but was seen in one mine which was in 
operation in 1939 on the east side of Cherry Valley Run in the southwest corner 
of Section 36, Green Township, Mahoning Copnty. The old Middle Kittanning 
mines are abandoned, but in spite of slumped debris this coal can still be seen at 
several places. A small mine on the J. A. Stouffer property which is nearby to 
the above Lower Kittanning mine, was studied by Stout and Lambom and is the 
type|^ section of the Washingtonville shale. The Middle Kittanning coal is no 


I A tUtsttaM* 


MIO 



lowar Fp«<poPt 84^ 


C.M Roftor 


^ ^ $€hmiPM«Aer9<r 






lOIO 


MidJU KilUitnina Cwl 


Pic. 3. Correlation diagram of the Middle Kittatming coal and associated strata 
between Greenford and Washingtonville, Ohio 


lon^ expo^ at the Stouffer mine, but the Washingtonville shale is still visible, 
and the position oi the coal can easily be determined from Stout and Lambom's 
publi^ed section. 

Along the east side of Cherry Valley Run between the Less mine at Greenford 
and th^. A. Stouffer mine at Washingtonville are a number of locations where the 
Middle Kittanning coal can be seen or has been prospected or mined. The levd 
of the coal can be tra^ with reasonabid certainty from one location to mother, 
although several of the mines and prospect pits are so covered with debris and 
vwetation that the strata cannot be seen. All the localities at which tiie Middle 
Kittanning coal is exposed on the east side of Chmy Valley Run between Greenford 
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and Washingtonville have been studied and plotted graphically in an attempt to 
determine the true identity of the coal and clay in the Less mine. The descriptions 
of these localities, all of which are in Green Township, Mahoning County, are given 
below. The map shown in Figure 1 illustrates the relative position and the chart 
shown in Figure 2 gives the lithologic and stratigraphic relationships of the above 
localities. 

The first of these localities is at Washingtonville in the now abandoned J. A. 
Stouffer mine in the southwest quarter of Section 36. This is the section described 
by Stout and Lambom as the type for the Washingtonville shale, and their section 


is quoted below 

Feet Inches 

Shale, gray. ... .3 0 

Shale, gray, with ore nodules. 4 0 

Shale, with two layers of iron ore. 8 

Shale, gray. . ... 8 

Shale, bony, carbonaceous, fossiliferous, Washingtonville .. 3 0 

Shale, dark, fissile, siliceous ... ... 3 8 

Coal, Middle KtUannmg... 2 4 

Clay, siliceous.. . .. .30 


The next exposure is about a mile north of Washingtonville along the Wash- 
ingtonville-Canfield road. Here just south of the old schoolhouse in Section 25 
this north-south road was changed several years ago, and the following strata were 
exposed: (See Figure 3.) 


6. Sandstone: light gray, fine, micaceous, cross and irregularly bedded; with 
streaks of coal, plant fossils and clay ironstone concretions, base irreg¬ 
ular, exposed, Lower Freeport. . . . 

6. Shale; dark gray; with numerous small clay ironstone nodules.. , 

4. Shale: black, bony, sparingly fossiliferous, ITtwAiwg/cnw/Ze— 

3. Shale: light gray. ... 

2. Coal, Middle Kittanning ..... 

1. Clay; light gray, plastic, exposed., 


30' O*' 
0 ' 6 *' 
1 ' V 
2 ' 8 " 
2 ' 2 " 
r 0' 


This section, herein called the M. Roller section, is no longer well exposed, 
and the top of the Middle Kittanning coal which was formerly exposed on the 
east side of the road opposite the May Roller farm buildings cannot be seen at 
present. However, the coal rises rather sharply to the northward toward the old 
schoolhouse, and from the now covered exposure in the roadside ditt*h opfX>site the 
Roller buildings it rises 21 feet in a distance of 500 feet toward the schoolhouse, 
and at that point the Middle Kittanning coal can still be dug out on the east side 
of and just above the road level. 

The Washingtonville shale is well exposed and typical in lithology but only 
sparingly fossiliferous. The other associated strata are thinner than at Wash¬ 
ingtonville but the principal difference is the presence of the base of the Lower 
Freeport sandstone only a little over four feet above the top of the Middle 
Kittanning coal. 

The next exposure is about 0.6 of a mile further north on the west side of the 
Washingtonville-Canfield road. Here a road formerly joined the north-south road 
from the west at an elevation of 1168. The exposure, nerein called the Schnurren- 
berger section, is in a small ravine that parafiels the abandoned road and leads 
westward to Cherry Valley Run: 


’Stout, W. and Lambom, R. E,: Op, ciL, pp. 169 and 177. (1924.) 









Ptfi. 3. B. Lower FrecfK^rt sandstone and Middle Kittanning coal (at arrow) 
in prospect pit on C, J. Roller farm. 
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8 . 

7. 

6. 

5. 

4. 

8 . 
2 . 
1 . 


Sandstone; gfay* thin-bedded, fine, friable, exposed, Lovmr Frteport, 
Clay: Kra 3 r*buff, plastic. 


Shale: gray-buff, soft but arenaceous; with 8*inch layer of sandstone near 
base. . 

Qay: with dark shaly layers. . 

Coal: shaly. . 

Coal: good. 

Clay, shale and sandstone; this is largely a covered interval. 

Sandstone; gray, medium, massive, friable; with some plant fossUa, 


I Middle Kilkatninz j 


exposed_ 


3" 6' 
V 0' 

2' 0' 
2 ' 4 ' 
0 ' 6 ' 
r 6' 
12 ' 0 ' 

4' 0' 


The elevation of the Middle Kittanning coal is 1128 here, and at the M. Roller 
section the same coal varies from 1115 to 1136. This section is a little unusual 
in the clay or clay-shale above the coal and in the absence of the Washingtonville 
shale. Almost due west of tihis on the west side of Cherry Valley Run on the 
E. R. Kurtz farm in the north-central part of Section 26 is the following section:® 


8. Shale: gray-black, weathered, exposed. . 

7. Coat, Middle KiUannini . 

6. Clay: gray, plastic, carbonaceous. 

5. Shale: gray-black, carbonaceous, siliceous.... 

4. Coal. .. , . 

3. Coal: shaly. . . 

2. Clay; gray, plastic; with a O-inch layer of clay ironstone concretions one 
foot above the base, Salem? . . 

1. Sandstone at creek level. 


2 ' 0 ' 
2 ' 3 ' 
r V 
2' r 
0 ' 

0' 5' 

r 8 ' 


Here the elevation is between 1120 and 1130. This exposure which is only 
about one-half mile southwest of the Schnurrenberger exposure suggests an 
alternative interpretation to that section. The coal called the Middle Kittanning 
coal in the Schnurrenberger section may be the lower coal, zones 3 and 4, on the 
Kurtz farm. If this interpretation is the true one, then it is probable that the 
Lower Freeport sandstone displaces both the Washingtonville shale and the 
Middle Kittanning coal at the 1168 road intersection and the plastic dav overlying 
the coal in that section is really the Middle Kittanning undterclay. Also if that 
is the case, then the coal in the Schnurrenberger section and the lower coal in the 
Kurtz section probably are the locd coal (^raaburg) above the Oak HUl clay. 
The Oak Hill member belongs in the interval between the Sdem and Hamden 
members and is absent at most places in this vicinity. 

In the wood lot on the east side of Cherry Valley Run on the C. J. Roller farm 
in the southeast quarter of Section 23, the Middle Kittanning coal has been 
prospected and the section of the exposed strata is as follows; (See Figure 3.) 


3. Sandstone: gray-buff, bedded, micaceous, exposed, Freeport .. 4' O*' 

2. Coal, Middle Kittamimg . 1' 8' 

1. Clay: graybuff, plastic, exposed...... V 0' 


The approximate elevation of the Middle Kittanning coal is 1125. The 
base of the Lower Freeport sandstone rests directly upon the Middle Kittanning 
coal, and this relationship probably accounts for the thmness of the latter member. 
Along this slope the portion of the base of the Lower Freeport sandstone and 


*SturgeoOt M. Op^ cit,^ piv BS-aO. 
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presumably the position of the Middle Kittanning coal is marked by several 
springs, and a half mile further north at the C. J. Roller buildings there is an 
abandoned mine. The coal is no longer visible, but several feet of thickness of the 
Lower Freeport member can be seen. The elevation of the coal here is approxi¬ 
mately 1120. It is less than half a mile from the C. J. Roller buildings to the 
Less mine from which the clay is taken at present for the Kopp Tile plant and 
which was described previously in this report. T^e elevation of the Middle 
Kittanning coal in the Less mine is probably between 1130 and 1135. In the two 
ravines between the C. J, Roller farm buildings and the Less mine the Lower 
Freeport sandstone is well exposed with an expo^ thickness of about 75 feet. 

F^m the available evidence in the field the uncertain coal and clay in the 
Less mine can be traced along the east side of Cherry Valley Run without reasonable 
doubt into the certain Middle Kittanning members at Washingtonville, This is 
evident not only from similar elevations but also from similar lithology as is shown 
in Figure 2. There is a sharp drop in the elevation of the coal between the M. 
Roller and J. A. Stoulier localities, and this might cause some concern over the 
correlation were it not for the fact that a sharp descent in the Middle Kittanning 
coal is present at the M. Roller exposure. The Lower Freeport sandstone is a 
steady member from the Less mine south as far as the road cut opposite the M. 
Roller section. It varies in position from a few feet above the Middle Kittanning 
coal to resting directly upon or even cutting out and replacing that coal. The 
base of this sandstone is a disconformable one. This relationship of the Lower 
Freeport sandstone accounts for the absence of the marine Washingtonville shale 
at several of the described localities. Fortunately the Washingtonville member 
is present not only in its type section at the J. A. Stouffer mine but also along 
the road opposite the M. Roller buildinp and in the Less mine itself. 

That brings us back to the original problem—the identity of the coal and clay 
in the old Reichstadt mine at the Kopp Klay plant. To the evidence already 
presented concerning this mine from the written reports of Orton, Stout, and 
Lambom, a few additional facts can be added, j Mr. Ira Wisler, who was a miner 
for a number of years in the Reichstadt mine, has recently informed me that at a 
close but variable distance above the top of the coal was the base of a heavy 
sandstone which is undoubtedly the Lower Freeport. He further reported a few 
inches of black “slate'’ on top of the coal, and concerning this “slate*’ Orton 
wrote as follows:* 

"There are 2^ feet of bituminous coal, overlain with 4 to 6 inches of cannel " 

The same is present in the Less mine where it is six inches thick. The underclay 
which had a thickness of ten or more feet was without any trace of a second layer 
or even streaks of coal but did contain at least locally some nodules of presumably 
clay ironstone or limestone larger than the size of one’s first. The ware made 
from this clay forms little blisters from iron impurities at 2100* F., but ware made 
fxoai Lover Kittanning clay from nearby North Lima is without similar blisters 
^when bum^ at a temperature of 2700“ P. 

''^ile I have no accurate drill records at or near this mine, the general report 
is that there is another coal about 40 feet bdow the coal worked in the Reichstadt 
mine, which, if true, would be the Lower Kittanning coal. 

This great thiekness of the clay in both the Reichstadt and Less mines is typical 
of the Lower Kittanning clay combined with the Lawrence clay, rather than 
of the Middle Kittanning day in this vicinity. Orton reported, however, that 
two and a half miles further south in the .old Walters mine the Middle Kittanning 
day was seven feet thuik.*^ 

^Ortoa, Sd.s 0^. p. 83* 

p. 88. 
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The elevation of the coal in the Reichstadt mine has not been accurately 
determined, but Orton wrote that it was 15 feet above the Erie Railroad, which 
would make it a few feet higher than it is in the Less mine across the valley. 

All the available evidence concerning the Reichstadt and Less mines convinces 
me that the Middle Kittanning coal and clay are present in both and that Orton 
was correct when he correlated the coal in the Reichstadt mine with the Middle 
Kittanning coal in the vicinity of Washingtonville. 
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Bird Behavior 

Volume I of this series ('*A Population Study of the Song Sparrow,*’ Trans. Linn. N. Y., 
Vol. 4, 1937) dealt with the vital statistics of a group of song sparrows in Columbus, Ohio; the 
present volume deals with the behavior of passerine birds, with the song sparrow as the chief 
example, and takes the bird from hatching to maturity and through its own parental activities. 
These two volumes are the result of a thomugh and painstaking study over an 8-year period of 
a song sparrow ijopuhation in Columbus, Ohio, together with numerous observations m Massa¬ 
chusetts and Oklahoma, and observations on some two dozen hand-reared birds in Austria and 
in this country. This is probably the most tliorough study ever made of a single speines of bird. 

Following a brief outline of the general principles of animal psycholo^ as they relate to 
birds (Ch. I), the author in succeeding chapters discusses the various activities of the bird 
throughout its life; the development and behavior of the young bird (II-VI), the general nature 
of the song sparrow society (VII), awakening and roosting (VI 11), the nature, developmmt, 
inheritance, and function of song (IX-Xl), territory in the song sparrow and other birds 
(XII-XllI), mating and in ter-individual relationships (XTV-XVI), the nest, eggs, and care and 
defense of the young (XVII-XX), enemy recognition (XXI), innate and learned beJiavior in 
the adult bird, and analogies with the behavior of other vertebrates (XXIl). At the end of each 
chapter is a brief summary of the subject matter in the chapter. The appendices (I-V) contain 
detailed accounts of vocalization, dominance, and pair formation in song sparrows, and a list 
of species in which injury-feigning has been reported. At the end of the book is a 29-pagc 
bibliography and a c*omplete index. 

This volume presents a very thorough analysis of bird behavior. A tremendous amount 
of work, both in the field and wiUi the literature, has gone into the preparation of this volume 
Few people have the patience, or the command of the literature (particularly the European 
literature), to carry on a study of this sort. A vast amount of the author’s detailed observations 
is included, but the material is well organized and clearly presented. A number of questions 
are raised which should stimulate further study. 

This book is essentially a monograph on bird behavior, with particular reference to the song 
sparrow. We recommend it heartily not only to all omitnologists, but to anyone interested in 
animal behavior. It is a compendium of information on the subject.— D, J, Borror. 

Studies in the Life History of the Sox^ Sparrow. H. The Behavior of the Song Sparrow 
and other Passerines. By Margaret Morse Nice. Trans. Linn. Soc. New York, VI, S^tember, 
1943. Pp, viii-f-329, 3 plate, fl figures, 28 tables; paper bound, 6x9 inches. Price, f2.7o. 


A Picture-Cyclopedia of Flowers 

To recognize familiar flowers quickly this small boc^ has its uses. Prepared in the manner 
of commercial catalogs and by the Horace MacFarlapd Company, it forms a valuable small 
work handy for quick reference. There ore 360 colored illustrations. A chapter on pests pre¬ 
pared by T. L. Guyton will be read with interest by his Ohio State friends.^A. E* Waller, 

Oafden Flowers in Color^ by Daniel J. Foley. Macmillan Company, New York, 1948. f 1.98. 



ANALYSES AND CORRELATION OP FOUR 
NEW HAMPSHIRE BOGS 


ROBERT W, KRAUSS AND GEORGE N, KENT,i 
Oberlin College, Oberlin, Ohio 


The understanding of recent paleoecology by means of the pollen analyses 
of strata in post-glacial bogs has developed to the point where most ecologists, 
and even many laymen, are familiar with the usual methods involved. Although 
large numbers of bi^gs have been analyzed and discussed with regard to the immedi¬ 
ate locality to which they belong, there is still considerable dispute concerning 
the paleoecology inferred from correlations of these analyses. It is only fair to 
admit that much of the confusion is due to many missing links in our chain of 
evidence. The fact of missing links, however, is characteristic of all history, 
whether natural or human. This paper therefore presents another link in the 
chain and attempts to point out not only the implications immediately involved 
in the analysis of four New England bogs, but the inferences drawn from a correla¬ 
tion of a number of other bogs along the Atlantic Coast. 

The bogs analyzed by the writer are located in the southeastern part of New 
Hampshire within the drainage basin of the Merrimac River. ‘The first, Perkins 
bog, is one-half mile southeast of Center Barnstead in the valley of the Big River. 
This bog covers several acres of kettle holes and is the most northerly of those 
considered. Poncinah Bog lies one mile southeast of Poncmah and three miles 
east-southeast of Milford and consists of about 100 acres in a depression of the 
Souhegan outwasli plain. Spruce Bog is one to two miles north-northeast of 
Fremont Station and consists of aljH>ut 20() acres. Welsh Bog, one mile east of 
Raymond near the Lamprey River, rests in a kettle hole of about seven acres. 
The l)ogs are grouped closely enough to indicate i .dose conc'urrence of the analyses. 
The entire area was covered by the Wisc‘onsin Ice Sheet which extended south 
as far as New Jersey. The bogs do differ, however, in that those of Fremont 
and Raymond were under salt water during the brief marine submergence of the 
lower Merrimac Basin as shown by Antevs (1922). Therefore since the date of 
retreat of the ice (protebly from ten to fifteen thousand years ago) and since 
the retreat of the sea from the area occupied by the two bogs above mentioned, 
the region has been open to the stages of succession governed by climate to the 
present time. Apparently the record in each bog is complete from the beginning 
of peat formation to the present, as the upper levels have remained intact. 

The methods of boring and pollen extraction arc, as a whole, familiar. The 
borings were taken at one-foot intervals with a Davis Borer. The deepest boring 
was taken at the end of actual peat on the bottom of the bogs. It would have 
been more desirable if some penetration into the sand and clay bottoms below the 
peat could have been made. Significant additions to the profiles were sectired 
in thfis manner by Deevey (1939). The samples of peat (aliout ten c.c.) were 
placed in 50 c.c. vials of alcoholic potash and sent to the Oberlin Botanical 
Laboratory. From each vial, from ,5 to I c.c. of material was removed—by 
tweezers or by pipette if well digested—and placed in a centrifi^c tube to be 
boiled for a short time with 10 per cent KOH to complete the digestion of the pc^at. 


‘Material was collected by the junior author, now with the armed forces. The analyses 
and all correlation were done by the senior author who also prepared the manuscript. He wishes 
to express his thanks to Dr. Paul B. Sears for liberal instructiort and for the use of his splendid 
library. Dr. George T. Jones, of Oberlin, has read the manuscript and offered many helpful 
suggestions. 

11 . 
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The digesting action of the alcoholic potash alone was not sufficient tor best results 
in spite of the fact that it had been present for some time. 

It may be remarked that many methods were applied to the peat in an effort 
to make a selection of the most satisfactory system. The new Erdtnum Technique 
(1933) and that of Barghoorn and Bailey (1940) were applied with a number of 
supplementary modifications. The time required by these new techniques, how¬ 
ever, did not seem warranted by results with this material. It is not to be assumed 
from this that the writer considers the above-mentioned methods generally useless. 
Undoubtedly under other circtunstances they are of vtdue. 

After boiling and staining with one drop of safranin per tube, the mixture was 
centrifuged and the pollen removed from the layer at the top of the peat. Enough 
of the coarser material from the bottom was added to the pollen layer, to allow 
both for the inclusion of heavier pollen and the stabilization of the film when 



Pig. 1. Analysis of Perkins (Bamstead) Bog. 

placed on the slides to dry. Drying completed, the slides were mounted with 
glycerine jelly. The resulting mounts woe excellent in both the number and 
condition of the pollen grains present. These slides were then counted for 100 
grains per level. In certain cases duplicate slides were made in <»der to check 
the counts. 

As an aid to the discussion of results, the writer will use one bog as a key to 
which the others will afterward be referred. The bog at Bamstead beii^ the 
deepest, it is the most logical starting pc^t for this correlation (fig. 1). Beginning 
the examination with the bottom layer, Spruce is obvious as the domirumt. This 
dominance is characteristic of a c<^d climate. It is true, of course, that Spruce 
can be expected in bogs in fairly warm repons, but further invest^tion of Spruce 
decline shows that Spruce disappeared from the region except in the bog itself. 
Deevey (1939) considers a like Spruce maximum in Connecticut the result of the 
deterioration of climate which had warmed but cooled at thb pwt, due, perhaps, 
to some readvance of the ice sheet. At all odds, it seems that mis pmod m ^iriioe 
dominance can best be placed near the second phase of Deevey’s earliest fieriod, 
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lettered A). It is the same period which Sears (1942) finds m his discussion of 
profiles in the Central States and is lettered I. This of course is the cold period 
which we know must have been represented by the same species of trees as those 
fotmd in the Northern Coniferous Asscx:iation today. How long after the retreat 
of ice it was before arborescent forms began to appear is not yet certain and the 
writer will therefore make no attempt to date this period. Por those interested, 
however, the dates as set by De Geer (1910) for the early cold period are from 
10,000 to about 8,0(X) years ago. It is appf^ntly near the end of this cold period 
that the Bamstead Bog be^n its formation. Whether this Spruce maximum 
is the first forest community, or if, as indicated by the work of Deevey, it is the 
second stage of the first community, I am at this point unable to say. 



Pio. 2. Analyses of Ponemah (Amherst) Bog (above) and Spruce (Fremont) Bog (below). 

Moving on up the profile, there is a quick end of the Spruce dominance. It is 
. replaced mainly by Pine which correlates beautifully with the period marked 11 
by Sears (1942) and Bj by Deevey (1939). This period shows erratic increase of 
Hemlock and an increase in Oak. Thoujfh the species of Pine and Oak cannot 
be differentiated, there is considerable indication that this period may have been 
both cold and dry. 

In the next period, letter III or Ci, the Hemlock attains significance and its 
first maximum appears. Immediately thereafter a deep drop in Hemlock occurs, 
succeeded again by a maximum near the top. The period of Hemlock minimum 
(apparently a dry or dry warm one) is pihralleled by an Oak maximum (dry) and 
a nhe maximum (probably Jack Pine) as well. It is extremely unfortunate that 
are unable to differentiate between specie of Pine. We can only surmize that 
in view of the spectra the Pine is a xenc species. To show that this species is a 
xeric one would clinch the supposition that the cool moist period (No. Ill) was 
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followed by a dry warm one. With this generalization, the spectra seem to be 
consistent. Beech, with the exception of an increase at level 10, also shows a 
decline during the warm dry period. 

The increase in Beech at the top layer accompanied by a decline in Pine and 
Hemlock and an increase in Oak and Birch indicates a balanced Beech-Hemlock 
forest with large numbers of Pine, Oak, and Birch in preclimax stands. This 
agrees well with the present forest associations. 

With periods of the Bamstead Bog pointed out, the other profiles may be 
examined for correlations. Takiftg first the bog at Amherst, it is found to be of 
later inceptioi\ than the one at Bamstead. The lower levels showing the Spruce 
dominance are not found here. On the other hand, the Hemlock minimum is 
found at the bottom, identifying the beginning of peat formation to be in the 
period marked IV in the Bamstead profile. The same correlation with Pine 
and Oak may l^e made here. Beech alone seems a bit out of line which may be in 
part due to the average low incidence of Beech pollen—a point of difficulty in all 
genera of lesser representation. 

The remaining two bogs are much shallower than the rest. It is to be remem¬ 
bered that these were under salt water during the submergence of the lower 



Fig. 3. Analysis of Welsh (Raymond) Bog, 

Merrimac Basin Recovery from this submergence could not have been accom¬ 
plished soon. Therefore the latter two, Fremont and Raymond, correspond to the 
upper portions of the former two. 

The Hemlock minimum in the Fremont bog is again as is to be expected; and the 
Beech increase is steadier than elsewherf. The Oak increase at the top, however, is 
worthy of remark. Possibly the Oak found here is of the mesic Red Oak group, 
common successionally in the typical Beech-Hemlock forest. Again may we stress 
the point that a differentiation of the species of Oak is at present impossible and 
that it would be necessary to clinch our ailments. We have much data for 
fairly accurate substantiation of our own h3^thesis if only these species differen¬ 
tiations were clear. This circumstance limits us to broader generalizations, for 
no matter how many analyses are made, precision will be impossible unless we can 
know the species of Oak and Pine in {articular. The protests of Potzger (1942) 
and others against making any generalizations as to climate seem to us, however, 
scarcely warranted in view of the evident broad correlations between our results 
and those of Potzger (1943) and Deevey (1939), 

Going on to the Raymond Bog two difficulties are met—although as a whole 
the bog agrees with the other thr^. The first problem is the recent increase of 
Pine not shown in the others. This may be due to the interference of man by 
lumbering or fire. At all odds, it is imttirally^unexpected and may be open to 
speculation. The other is that in this shallow profile we have two Hemlock 









No. 1 


NEW HAMPSHIRE BOGS 


15 


minima. This would indicate a slow filling over a longer period than that of the 
Amherst Bog. This, though possible, is difficult to explain. The very small size 
of the bog may have much to do with a slow rate of filling or the local vegetation 



Boa»; drifluVAfio BY ParxacK m ; Ockvev • j Kk4vu8« a , 

Fig. 4, Location of Coastal Bogs referred to in text. 


may have disturbed the profile. The erratic formation of kettle holes and resulting 
deposition of peat is mentioned by Deevey (1939) and is a problem in any 
correlation. 
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What inferences may now be drawn from these results? First, it is obvious 
that these profiles indicate clearly the presence of a cool dry period after the close 
of the Spruce maximum. After th^ d^ period, the Hemlock swings up to a maxi¬ 
mum and a mesic forest community is mdicated by the presence of the typical 
trees of the present Beech-Hemlock association. A dry and warm period follows, 
as dhown by the marked decrease in Hemlock in agreement in ^1 bogs. Oak 
and Pine species wWch we assume to be xeroph^ic occupy a dominant place in 
this period after which the Hemlock increases as Pine and Oak decrease and Beech 
increases to make up the present Beech-Hemlock-Pine forest. In the top layers 
there is evidence, of the work of man as well. 

In searching for meteorological corroboration for these shifts of climate, the 
writer was for a time disturbed by the fact that in order to have the xerotherm 
pointed out by Sears, Deevey, ei of. (at Hemlock minimum), the cyclonic-anti- 
cyclonic fronts which now occur in the middle New England region would, of 
necessity, be found further north. This being true, there seemed every reason 
to suspect that the recession of the cold dry polar air, which had kept out the 
warm moist air from the Atlantic, would allow this warm moist layer to sweep 
over the area producing not a warm dry period but a warm moist one. This 
would have brought about a displacement of the coniferous forest by a Beech- 
Maple forest, apparent in a bog profile by a great increase in Beech. Such an 
effect is not shown in any of our profiles nor in those of other workers in the region. 

With the possibility of this oceanic influence ruled out, it is clear that a great 
air movement from the West must have carried dry hot winds far enough east to 
alter the expected climate of the Northeastern seaboard. Meteorologically 
this is sound, for any movement of the fronts northward would carry the air from 
the Mississippi Valley in a swing east which would not be halted by either the 
low New England Mountain R^ges or the easterly oceanic winds. Therefore 
a warming at this time would allow the New England States to be influenced 
by mid-continent climate more than at present. The fact that these easterly 
bogs were affected by a diy warm period shows definitely that this period, long 
suspected in the mid-continent, must have been truly a far-reaching one. It is 
sutetantiated by the presence of the prairies much fartlt^ to the east than at 
present and by the analyses of Auer (1930), Deevey (1939), and Potzger and Otto 
(1943). (The latter, however, ignore the Hemlock minimum in their own paper.) 
The fact of apparent movement of the forests north and then again south should 
be of great interest to those tracing movements of the polar ice. 

There is one other point raised by this analysis, when correlated with the 
others in the region. In New Jersey, Connecticut, New Hampshire, New Bruns¬ 
wick, and Nova Scotia there is a uniform decline in the abundance of Hemlock 
at about the same relative levels. In this period of decline there is a variation 
in the species of trees which take the dmninance from Hemlock. In New Jersey, 
in the dry period, Hemlock is replaced by 0^ to a great extent. In Connecticut, 
the Oak is as active in replacing Hemlock as in New Jersey. We do find a tendency 
for Pine to press into the gap. We may safely say, however, that Oak is the main 
representative of the dry period in these two stat^. In New Hampshire the Pine 
is the important dominant at the Hemlode minimum. Still farther north in Nova 
Scotia and New Brunswick (see Auer, 1930) Oak is barely present and certainly 
Pine is the unequivocal dominant in the dry period. 

What then does this dominance of Pine in north instead of Oak, as in the 
Muth, suggest? A clue may be noted in that there is a tenrion zone of climate 
in the New England states. Here the cyclonic fronts caused by the conflict of 
cold polar air with the warm southern air rule the weather. As could be exp^ted, 
it is through this area that the general Hne separating the Beech-Mai^ asaociatioa 
from the Beech-Hemlock is found. (Gements and Weaver, 1938; Jones, 1940.) 
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In figure 4, the bogs in New Jersey and Connecticut are seen to be in what today 
is Beech-Maple. Those in New Hampshire, Nova Scotia, and New Brunswick, 
on the other hand, are in the Beech-Hemlock Association. It appears, then, that 
the warm dry period produced not a northward movement of the Beech-Maple 
association nor any red shift of boundary at all but rather that the xeric types 
found in this period represent the xeric series in ikeir own respective associations. 

It is notable that there is such a pronounced difference in the xerotherm forests 
of New Hampshire and that of the same i^riod in Connecticut only one hundred 
miles to the south. It is as though the climax association of today were reduced 
to the xeroseres peculiar to each. Is not this just what we would expect when we 
realize that a climax condition had been reached and well established before the 
beginning of the xerotherm? Nevertheless it is surprising that the line today 
should correspond so closely to what it was perhaps three or four thousand years 
ago. It indicates a stability of forest associations and their seres not previously 
pointed out and certainly calls for further ecological investigations. 
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Cytology 

This new book by Professor Sharp is intended as an elementary text to be used in courses 
following b^inning botany and zoology. The plan is similar to that of his well-known Intro¬ 
duction to Cytology,” but with the material receiving a simpler treatment in an attempt to meet 
the Icvd of understanding of students with only an elementary baclqpround. The first chapter 
traces cytological developments and outlines the position of cytology in biological science. The 
following chapter is a discussion of the organism as a whole and the cell. The next four chapters 
present the structural components of protoplasts, the physical characteristics of protoplasm, 
division of the protoplast and the cell wall structures. The structure of chromosomes is discussed 
and nierfy illustra^ in Chapter 7. This discussion includes the giant chromosomes of 
Drosoph^i Sciara and Chironomus. The subject of Chapter 8 is Meiosis. The chapter is 
o^reftdly written and illustrated, including material from both plants and animals. The suc¬ 
ceeding three chapters deal with the cytology and reproduction in plants and animals. These 
are followed by chapters on cytology and Mend^ian heredity, chromo^mal aberrations, 
chromosome numbers a^d their alteration and cytological aspect of hybridity. This includes 
recent work on the induction of tetraploids by use of colchicme, resulting in new fertile types 
from sterile but desirable hyWds, A brief summation of our knowledge of the role of cytoplasm 
in deveJopmettt and heredity appears in Chapter 17. The last chapter adds a new phase and 
application of cytology to the important biological problem of taxonomy. No specific references 
are given in any of the chapters. However, at the end, ten pages of "Su^^ested Reading” are 
included. This new work of Professor Sharp mli likely meet the need of many as a text for 
undergraduates.--^. W. B, 

PtiadamentaUi of Cytology, by Lester W. Sharp; 267 pages, 6x9, 176 illustrations. McGraw- 
Hill Book Company, New 'VVk. $3.00. 



THE GENETICS OP CERTAIN COMMON VARIATIONS 

IN COLEUS^ 


DAVID C. RIPE, 

The Ohio State University,' 

Columbts, Ohio 

Coleus are characterized by great variations in leaf color, and to a lesser d^;ree 
by variations in leaf form and flower type. Genetic brewing experiments now 
being conducted at the Ohio State University have to date revealed at least eight 
sets of alleles responsible for many common variations. 

Boye and Rife (1937) reported the difference between solid purple leaf color 
and green leaves with a brown pattern on the upper epidermis (see Pig. 1) to 
be due to a single pair of alleles, purple being dominant to pattern. Likewise, in 
the Golden Bedder strain, solid green appeared to be dominant to pattern, Another 
set of alleles was shown to determine whether the plant has an intense or dilute green 
pigmentation, the intense green being dominant to the dilate green. Later work 
by Boye (1941) showed tiiat the genes responsible for solid purple, solid green and 
pattern belong to a single allelic series. The gene respontible for solid purple, (P) 
and the one responsible for solid green (p^) are each dominant to the one resulting 
in pattern (p). The genes P and p^ show no dominance to each other, plants 
of genotype Pp® being of a bronze gray color. The genes responsible for intense 
and dilute gre^ (I, i) do not appear to be linked with the P series (see Table 6b). 

Crinkly leaves have been shown to be due to a single dominant factor (C) and 
smooth leaves to its recessive allele (Rife, 1940). The P and C series are not 
linked. Deep lobed leaves were shown to be due to a simple dominant factor, 
and in the strain investigated by Rife (1940), were always associated with male 
sterile flowers. 


PATTBRN, MOTTLING AND SOLID CX)LOK 

Coleus plants frequently exhibit various d^rees of specking or mottlin|( of 
anthocyanin on the upper leaf surface; as contrasted with either a characteristk 
pattern or complete absence of anthosyanin (Pig. 1). There is great variation in 
the type of mottlii^, which would seem to indicate that multiple factors are con¬ 
cerned in its expression. Table 1 Shows the results of sdfing several mottled 
plants. In each instance patterned, mottled and solid colored progeny were pro¬ 
duced. Patterned plants from such progenies idways breed true, am solid colored 
plants usually do so. This would seem to indicate that mottling is due to the 
heterozyi^ous state of the factors determining |>attem versus solid odor. An 
examination of Table 1 shows that the ratios deviate significantly from a 1 :2 :1, 
there being too few mottled and too many solid colored plants. If we test progenies 
for 3 :1 ratios (three solid and mottlm, one patterned), however, there is no 
significant deviation from the expected. I^ht mottli^ im^uently will not aiqMtf 
until the plants have become fairly large. Space limitations usually render it 
impossible to mamtain complete progenies until they have reached sudi size, and 
it seems likely that when the counts were made, many potentially mottled plants 
were classed as solid colored. We shall hencefor^ use tm symbols TT to designate 
the genotype of solid color, tt the genotype of patterned plants, and Tt tmt of 
mottled plants. The degree of mottling is apparently determtoed by multiple 
modifiers. 


■Ganetic Studies of Coleus No. IV. 

'D^rtment of Zoology and Entomology, Genetics Labontoiy. 
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fonnation of a pattern, but rather is responsible for a solid green, phenotypic^ly 
the same as that produced by p®. The two types of solid green differ in breeding 
behavior in that p® is epistatic to t, whereas T is cpistatic to p. Apparently 
the plants used by Boye (1941) in the analysis of the P series were homozygous 
for tt, thus making it possible to differentiate between the two types of green on 
the basis of the presence or absence of patterns. 

TABLE 1 

Analysis of Data Obtained by Sblfing Mottled and Speckled Plants 

A. 


Seed 


Sample 

Patiern 

Mottled 

Solid 

X* 

df 

Probability 

1 

25 

33 

42 

17.340 

2 

very small 
0.3 -0.05 

2 

17 

20 

17 

3.628 

2 

3 

6 

16 

12 

3.353 

2 

0.3 -O.OS 

4 

20 

36 

23 

0.638 

2 

0.95-0.7 

5 

5 

8 

9 

3.231 

2 

0.3 -0 06 


73 

113 

103 

28.190 

10 

very small 


Deviation 



Heterogeneity 




df»2 



df-8 




X*-20.274 



X**7.984 




p*very small 



p«0 W).3 



Seed 







Sample 

Pattern 

Mottled and Solid 

X* 

df 

Probability 

1 

25 

75 

0 0001 

1 

0.99 

2 

17 

37 

1.390 

1 

0.8 -0.05 

3 

6 

28 

0 789 

1 

0.5- 0.3 

4 

20 

59 

0.001 

1 

0.99 

5 

5 

17 

0 001 

1 

0.99 


73 

216 

2 181 

5 

0.06-4) 7 


Deviation Heterogeneity 

df>l dfo4 

X‘-0 000 X*-2 172 

p-0 09 p-0.97-0.70 

LEAF LOBES AND MALE STERILITY 

In addition to the strain of plants in which deep lobes are associated with 
male sterility reported by Rife (1940), deep lobes have subsequently been dis¬ 
covered in two other strains. In one of these the male flowers are completely 
fertile, and the degree of lobing is indistinguishable from that in the strain char¬ 
acterized by male sterility, In the other strain there is variability in the degree 
of lobing in the heterzygous plants, which usually show lobes not so deep as do 
plants homozygous for deep lobing. Homozygous deep lobed plants are almost 
completely male sterile, although a few seeds have t^n obtained from them. 
The heterozygous plants show a fair degree of fertility, much less than do the 
shallow lobed plants. This type of deep lobing appears to be semilethal in the 
homozyg:ous state, as such plants develop only rarely. Selfed heterozygous 
plants give ratios among their offspring approaching two deep to one shallow, 
more closely than three deep to one shallow (see Table 2c). Thus we have the 
following four types of plants in regard to deep lobing and male fertility; de^ 
lobed and male sterile, deep lobed and partially male sterile which are semilethal 
in the homozygous state, deep lobed and male fertile; and shallow lobed and male 
fertile. No shallow lobed mde sterile plants have b^n obtained. 
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There are at least three possible e^Ianations for this breedmn; behavior. There 
may have been three independent mutations at different loci, one of which resulted 
in d^ lobes with no effect on sterility, another which rwult^ in deep lobes and 
partly male sterility, and a third which resulted in deep lobes and complete male 
ste^ity. If true, plants heterozygous for any two of the three types deep 
lobing should give three types of offspring when crossed with shallow lobed, may 
fertile plants. Two of such crosses have been made, as shown in Tables 2a and 2b. 

TABLE 2 

Analysis of Data on Leaf Losing and Male Sterility 


A. 

Deep cT sterile x heterozygous deep fertile. 

12 deep c? sterile; 

7 deep & fertile; 

8 shallow fertile. 

Five of the deep c? sterile were crossed with shallow cf fertile. 

One gave 80 offspring, all deep. 

“ ^ 32 ^ 17 deep, 15 shallow. 

“ * 17 " 8 deep, 9 shallow. 

" “ 5 « all deep. 

“ “ 8 “ 6 shallow, 2 deep. 

B. 

Deep cf sterile x heterozygous deep partially c? sterile. 

2 deep completely sterile. 

3 deep partially cf sterile. 

2 deep cf* sterile. 

2 shallow cf fertile. 

Two of the deep partially cf sterile, and one of the deg> completely <f sterile were crossed 
with shallow cf fertile plants, and in each case produced offspring in the ratio of approximately 
1 deep to 1 shallow, ' 


c. 

Segregations Obtained by Selfing Heterozygous Deep Lobed Partially 

cf Sterile Plants 


Sample 

Deep 

Shallow 

1 

10 

5 

2 

11 

8 

3 

8 

3 

4 

25 

12 

5 

28 

15 

6 

10 

2 

Total 

92 

40 


P 

1 df X* value of deviation from 3 :1 ratio** 1.979 0 8-0.06 

X> * “ « 2:1 " -0 644 0.5-0.3 

In no instance were more than two types of offspring produced from such, definitely 
indicating that independent mutations cannot account for the variations. 

It is possible that a single pair of alleles may be responsible for deep and shallow 
lobes, and another set of alleles responsible for variations in male st^ity. If so, 
these two sets of alleles are so closely linked that they rarely, if ever, cross over. 
The other alternative is that the variations in both leaf lobes and male sterility 
are due to a single set of four multiple alleles, which be represented as follows: 
L-deep male sterile, 1^-deep, partially male sterile, F-deep, male fertile and 11 
shallow, male fertile. 
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Which of these latter two hypotheses is correct could be established only by 
the aiqpearance of a shallow lob^ male sterile plant or a new mutation affecting 
both ld>es and male sterility. It is ^iparent. however, that the genes afiectii% 
lobing and msde sterility are at the same or ahnost the same chtomaeonie locus. 


TABLB 8 

Data on Pcbple vs. Obsbn Lowbr EnuBRins 



A. 

• 


B. 





Backcroes Secregations 

SampU 

Purple 

Green 

Sample 

Purple 

Green 

1 

21 

% 

1 

16 

17 

2 

185 

41 

2 

16 

14 

3 

33 

11 

3 

38 

43 

4 

14 

7 



— 



— 

Totaled 

74 

Total 208 

67 





TABLE 4 

Ft Sbgkegations Grben vs. Warn oa Pink Areas 
Sample Green While er Pink Areas 

1 132 44 

2 22 5 

8 71 27 

4 67 16 

292 91 


TABLE 6 

HsTBROzraoas Paint PATmRN Sblfed 
Faint Dark X* df P 

86 S 0.843 .1,,. 0.6-0.8 

LOWER EPIDERMIS, CHLOROPHTLL DBFICIBNCY AND FAINT PATTERNS 

Lower leaf surfaces may be either purple or green. Puiple lower leaf surfaces 
are usually associated with reddish stems and leaf veins. As shown in Table 3, 
backcrosses of purple x green bwer epidermis give 1 :1 ratios, and F* s^regations 
of 3 purple to 1 green. Apparently, then, purple lower epidemis (B) is dominant 
to green (b). 

White or pink spots, due to the absence of chlorophyll, are frequently found 
in the center of coleus leaves. The extent of these ^ts is variable, rangihg ffmn 
a narrow stripe along the midribs of the leaves, to areas covering almost the entire 
leaf surface. . Crosses between solid grera and chlorojphyll dend^t strahiB give 
sdid green progeny, and in the Pi ratios of amproximatelY 3 solid green to 1 
chlorophyll deficient, indicating that solid green (A) is dominant to this type of 
chlorophyll deficiency. 

Faint patterns, as contrasted wi& dtftibrct patterns shown in Figure 1, are 
sometimes found. Whether the pattern is distinct or faint apparenuy is inde¬ 
pendent of the t 3 rpe of green, and is determined by the type and iBsttmution of 
anthocyanin. A faint patterned plant when adfra, i»o(moed offspring in the 
ratio of iqiproximatdy 3 faint to 1 distinct^ .(Table 5), suggesting dommanoe of 
the faint pattern (O) to the distinot (o). 
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At least eight sets of slides are indicated as being responsible for the variations 
discussed in this payper. Of the 28 possible linkage rdationsh^s 11 have been 
tested, as shown in Table 6. In none of these tests do the ratios obtained deviate 
s^ificantly from what one diould expect on the basis of random assortment, thus 
givitig no indication of linkage. 


TABLE 6 
Tests for Linkage 


Backcross, P and L alldic series. 


Non-cros severs 

Crossovers 

X* 

df 

P 

^ 34 

23 20 

4.637 

8 

O.d-O.OS 

Backcfossi P and 1 aBelic series. 

a 



Nonrerossovers 

Crossovers 

X* 

df 

p 

22 23 

80 21 

4.075 

3 

0.3-0.05 

Backcross, I and L allelic series. 

C 



Non-crossovers 

Crossovers 

X^ 

df 

P 

26 32 

17 31 

5.969 

3 

0.8-0.06 

Backcroes, B and L series. 


D 



Non-crossovers 

Crossovers 

-Y* 

df 

P 

22 23 

19 17 

1.826 

3 

0.7-0.6 

Backcross, A and L series. 


B 



Non-crossovers 

Crossovers 

Y» 

df 

P 

20 14 

10 28 

4 924 

3 

0.3-0.05 

Backcross, A and B series. 


F 



Non-crossovers 

Crossovers 

Y» 

df 

P 

26 18 

16 23 

2.986 

3 

0.5-0.3 

Pi segregation, A and I series 

G 

—Test for deviation from 9 : 3 

:3 : 

1 ratio. 

AJi 

aal- aaii 

Y* 

df 

P 

107 26 

84 10 

2 704 

3 

0.1H).3 

H 

Pi MgrHation, B and I leries—Test for deviation from 9:3: 

3:1 

ratio. 

B-T- BJi 

bbli bbii 

Y* 

df 

P 

110 26 

31 10 

2.379 

8 

0.6-0.3 

Cross of liH X liLl—I%8t for deviation from 8 

I 

; 1:3 ; 1 ratio. 





Y* 

df 

P 

27 12 

30 12 

1.070 

8 

0.96-0.7 


J 

Sdfad pknt ol genotype OoLl—Test for deviation from 0 ; 3 

JC* 


1.082 


; 2:1 

3 


ratio. 

P 

0.7-O.5 


24 


11 


4 


4 
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SUMMARY 

1. Leaf patterns in coleus are due to the homozygous state (tt) of a pair of 
alleles. The heterozygous state (Tt) produces mottling or speckling, and the 
other homozygous state (TT) results in solid gr^n. ^lid green due to p® is 
epistatic to both Tt and tt, while Tt and tt are epistatic to p. 

2. Four genes, either closely linked or belonging to the same allelic series, are 
responsible for variations in leaf lobes and male sterility. 

3. Purple lower epidermis of leaves is dominant to green, solid green leaf color 
is dominant to white or pink spots, and faint leaf patterns appear to be dominant 
to distinct leaf patterns. 

4. Tests gave no evidence for linkage between P and I, P and C, P and L, 
B and L, B and A, B and I, A and I, A and L, I and L, and 0 and L. 
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The Cutture of Plant Tiatoee 

Literature pertinent to plant tissue culture dates back for about a century, with the major 
progress having been made since 1230. The interest in this field has developed to the point 
that a methods book on the subject is needed. This has appeared in the form of HanoDook 
of Plant Tissue Culture." A skilled technician in this field and one who has played a lead^ 
part in the development of this branch of plant science, Dr. Philip R. White, has prepared a guide 
which meets the needs felt by many students of experimental morphology and physiolo^. The 
philosophical and historical background is covered in the first two chapters. The third chapter 
deals with materials which may be successfully cultured. In a succeeding chapter detailed 
description is given of a suitable laboratory for such work. Equipment is discus^ with sug¬ 
gestions for successful manipulation. Other chapters deal with the preparation of cultures, 
point out merits and demerits of various techniques. The preparation of appropriate synthetic 
nutrient media is clearly presented. Suggestions for growth measurements and their int^reta- 
tion are presented in Chapter VIII. The last two chapters, IX and X, deal with the signincance 
of plant tissue culture in relation to general physiology and to morphogenesis in plants, ^eae 
two chapters are likely to encourage new students in the field. 

An excellent bibho^aphy containing 457 citations will be valued by all interested persons. 
A detailed index of subject matter is included. This book will serve as an efficient guide for all 
who are interested in the subject.—W, 

A Handbook of Plant Tlatue Culture, by Philip R. White. Pp. xiv+277; 71 illustrations. 
The Jaques Cattell Press, Lancaster, Pa. 1943. 93.75. 


Biochemistry and Moridiogeneala 

New scientific books are continually being produced. Only rarely, however, does one of the 
calibre of Needham’s Biochemistry and Morphogenesis make its appearance. It is a veritable 
encyclopedia of present day knowledge concerning biochemistry m relation to embryology. 
Some idea of the scope of the book may bo rained from the olwervation that the biblic^ratmy 
covers 70 pages, and that data from over WO scientific periodicals are dted. Ilia b^ v 
composed of twree parts. Part I, The Morphogenetic Substratum, is concerned with the chemical 
raw material of development, and the information gleaned from embryology relative to nutritional 
problems. Part II, The Morphogenetic Stimuli, discusses the roles of evocators and primary 
and second grade organisers in vanous animal groups. Sixty-five pages are devoted to genes and 
organizer phenomena. Part III, The Morphogenetic Mechanisms, gives comprehensive dis- 
cussionB of dissociability, hetcraupesis, respiration, metabolism and pofarity. Indices of plants, 
animals and genes mentioned are included. This book should prove to be an bdispensable 
reference for up-to-date biologists.—D. C 

and M^mnnbL by W>h 800 pww. 888 muatrations. 

tocludmg 86 full pan platM (f in color). The Macmillan CompanyTCambtidKe Unlveerity 
Press DQ>artment, New York* 1242. 912.50. ^ 



A NEW ASYMMETRIC COSMARIUM^ 


CLARENCE E. TAFT, 
Department of Botany, 
The Ohio State University 


Species of Cosmarium which are characterized by the asymmetric condition 
of the semicells are extremely rare. Rich, in a report on the Algae from a Pan 
in Southern Rhodesia/' published in the Trans, of the Royal S^iety of South 
Africa, Vol. 23, 1935, described Cos. asyntmetricum and stated that it was the 
only species to her knowledge in which one-half of the semicell is not a reflection 
of the other. It is readily distinguished from Cos. zygomorpbicum by the smooth 
cell wall and small size. 



Pig. 1. Cosmofium sygomorphicum sp. nov. 
a. Face view. b. Outline of cell in end view. 


Cotnurtttm zygomorphicnm sp. nov. 

Cells ol medium size, slightly longer than broad, deeply constricted, sinus closed. SemiceUs 
strongly asymmetrical, subpyramidate. End view narrowly elliptic. Cell wall coarsely granu- 
late. One chloroplast with one p 3 rretioid in each sarakell. L. w. isth. 10-13 m. 

SemiceUulis in aspectu frontali asymmetricis. Long. 46-48^: lat. 35-37^; isthm. 10-13 m. 

" Oklahoma, Puerto Rico, Indiana, Arkansas. 


’Papers from the Ih^)artment of Botany, The Ohio State University, No. 467. 
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A UNIQUE VARIANT OP CHRYSOCOCCUS ASPER LACKEY 

JAMBS B. LACKBY. 

Senior Biologist) U. S. Public Health Service, 

Cincinnati, Ohio 

In January, 1941, several one Uter samples of water were collected by tte 
courtesy of Mr. Claudeous J. D. Brown, of the Michigan Institute for Fisheries 
Research, at various depths under the ice in Third Suster Lake. In April a second 
set of samples was collected. Both sets of samples were preserved vnth formalin 
and stored in the dark until sedimentation of all organics and debris was com¬ 
plete. The contained microorganisms were then identified and counted. The 
first set contahied 32 identifiable species of Algae and Protoeoa; the second set 34; 
and the total in both sets was 47. Chrysophyceae account^ for 8 qiecies in 
the first set, 3 in the second. 



Fics. 1-8. Variations in Chrytoeoccus ^ufer. (1) Rough shoulder and nedc, pointed 
shell; (2) Rough shoulder and neck, rounded shell; (8) No neck or shoulder, slightly roughened, 
pointed shell; (4) Form occasionally seen in rivers, with roughened area forming two small 
ridges; (9-8) Third Sister Lake variant showing wide flaring collar of the shoulder region. 

Most of these were species of Chrysococcus triiich occurred from the surface 
to a depth of 50 feet. Among these was a type witii a wide fiaring collar encircliog 
the sh^ a short distance behind its aaterkn: raening. At first it was thought 
to represent a new species but careful observat^ m a large number showM it 
to be a variety of C. asper. 

The genus Ckrysococcus was founded by Klebs (1) with the type qMcies C. 
rufescens. Pascher (2) added the species puncHfomis, KMsioHus, domdopkortu 
wd ornatus, Nauman (3) added the species porifer and atrdi^ormia in 1021, and 
in 1938 and '39 the writer (4, 5} added seven species. These 14 qieriea appear 
to comprise the genus as far as known. In all rituatioaa examined ntfesems, 
otaUs, cyHndrica, asper and major have been tlie most abundant. The writer 

98 
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has never seen Klebsianus, dokuhphorust arnatuSf porifer and cordiformis. The 
species are rather clearly separated* although rujescens and porifer are close to 
each other* while major differs from rufescens principally in size and the lack of 
a posterior internal tubercle on the shell. 

Usually the species do not exhibit a wide range of variation. C. cylindrica 
in the Licking River of Kentucky has shown rather diverpnt shell types* but all 
are clearly referable to the one soecies. C. asper has been perhaps the most 
variable. Its diell (Figures 1* 2, 3) may be pointed or rounded posteriorly* and 
there may be a constricted neck-like region, or the anterior end may be abruptly 
truncate. There is a tendency for one of these types to markedly predominate 
at any station where the species occurs in abundance. 

Occasionally a form as shown in Figure 4 has been found. These have had the 
scabrous shell, but the roughening has extended to the formation of one or two small 
ridges encircling the shell in the shoulder region* ragged and uneven. Among the 
specimens from Third Sister Lake this re^on in many instances has become wide 
and flaring, forming a pronounced collar (Figures 5-8 incl.) so that sii^le individuals 
might easily be mistaken for new species. There is a gradual transition* however, 
and it is ^parent from studying a large number of individuals that all graduations 
exist between the typical C. asper t3rpes and the forms having the extreme collar. 
None-the-less no ^>ecimens were found in the April catches which were typical 
C. asper as in Figures 1 to 4; C. rufescens was abundant and C. spiralis occurred 
sparingly, but all others had wide collars as in Figures 5 to 8. If the intermediate 
forms in the January samples had been missed, there would have been a strong 
tendency to call the April forms of C. (ssper a new species. 

These variants are an excellent example of variation in a given direction. 
Chrysococcus is apparently much more common to streams than to lakes, and this 
unusual type has not be^ encountered in streams. Third Sister Lake is deep, 
and the onanism is photosynthetic; but to imagine the collar a flotation mechanism 
is futile, in view of its apparent added we^ht. We are thus left with another 
example of the query as to the cause of variatiort; and with a renewed caution 
gainst species creation without examining large numbers of the questionable 
new forms. 
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Hm Dav^opmeat Scie&tiflo Thought 

This volume is the third editm of a successful treatment of the broad outlines of the 
develomneat of scientific thought. The author holds that the study of such a history has much 
to tmSh boUr atx>ut ^ inner meaning of sdenoe itself and about its bearing on philosophy and 
in this edittoo, not only has a new cha]^ter been added covering the years 1980-1940, 
but extensive changes have been made in tbe onginal text. The older part includes chapters 
on the adaoce of the ancient world, thd middle ate, the renatssance, the Newtonian ^>och, and 
^ nineteenth centtny. The approach is sriiolarh^ but eminently readable. A strong 
ptfilosqabical theme pervades the historical account: The scientist m any fidd can not fail to 
have a broader and deeper understanding of his chosen life-work after reading the book. 

^ 1. ff. Snyder. 

A Wedm ef Steneei fay Sir WOHani Cecil Dampier. xxm-F574 pp. Cambridge, at the 
UniverrityPrte; New York; teMaomito 1943: S3.95. 



A SYSTEMATIC STUDY OF THE MAIN ARTERIES IN THE 
REGION OF THE HEART—AVES V—SPHENISCIPORMES 

Part I* 

FRED H. GLENNY,* 

1148 Linden Aventiej Akron, Ohio 

During 1941 and 1942 the writer had the opportunity of carrying out studies 
on the arrangement-patterns of the main arteries in the neck ^d thorax of five 
species of Penguins, This study was greatly facilitated by materials made available 
to him by the Division of Birds, United States National Museum, and the Depart¬ 
ment of Ornithology, Royal (^tario Museum of 2k)olo^. 

The materials for this study included single specimens of the Rock-hopper 
Penguin EudypUs creslatus (Miller), the “Johnny” Penguin Pygoscelis papua 
(Forster), Humboldt*s Jackass Penguin Spheniscus humboldti (Meyen), the 
Galapagos Penguin Spheniscus mendiculus (Sundevall), and one immature and 
two adult specimens of the Black-footed Penguin Spheniscus demersus (Linnd)* 

Routine dissections and diagrams of the arterial arrangement in the neck £md 
thorax were made. The information thus obtained is set forth in the following 
observations. 

OBSERVATIONS 

The basic arrangement-pattern of the Spheniscidae is exemplified by Eudypies 
crestaius (Miller), and Spheniscus demersus (Linn^), (Figure 1). 

The aortic root (1) arises in the left ventricle of the heart, passes anteriorly 
and to the right before it divides to form the left and right innominate arteries (2) 
which in turn pass anteriorly and laterally to give rise to the subclavmn (9) and 
common carotid (8) arteries. Shortly after the bifurcation of the aortic root, the 
right innominate artery sends off the right systemic (4th aortic) arch (3) which 
passes dorsally and posteriorly to join the right radix aortae (4). The radix 
aortae then passes diagonally posteriorly toward the central axis of the body 
where it continues as the dorsal aorta (23). At the point of junction between the 
radix and the dorsal aorta, the ligamentous vestige of the left radix aortae 
(ligamentum aortae) (6) may be found passing anteriorly and diagonally toward 
the left pulmonaiy arteiy. 

In some species of birds (Beddard; Glenny, 1939, 1940, 1942a, 1943) the left 
radix aortae presents a lumen which can be injected for some of its length. For 
the most part, however, it remains as the ligamentum aortae (6) (Glenny, 1942b, 
1943) which may or may not maintain its anterior connection with the pulmonary 
artery (7). 

As already been noted in an earlier paper (Glenny, 1943) the left liga¬ 
mentum botalli almost or completely atrophies after the left radix aortae 
anastomoses with the left pulmonary (6th aortic) ardi during middle embryogeny 
(the time of anastomosis varies in different species of birds). The right ligamentum 
botalli (6), therefore, alone remains as the vestige of the distal portion of the 
embryonic 6th aortic arch. This vestige lies along the ventral or ventro-lateral 
face of the right radix and generally mamtains its proximal and distal connections. 

The subclavian arteries (9) give rise to the coracoid major (10), axillary (11), 
intercostal (12), and two pectoral (13) arteries in order. The coracoid major (10) 
gives rise to a short stemo-tracheal (24) artery^ and the axillary art^ (11) sends 
off the co racoid minor (25) artery. The intercostal artery brangji^ to form the 

^Contributions from the Department of Zoology, University of Toronto. 

^Formerly Assistant, Department of Zoology, University of Toronto. Now on Active 
Service, U. S. Army. 
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Fio. 1, Diagrammatic representation of the arrangement of arteries in the neck and 
thorax of !^pheni$cus demersus (LinniS). Ventral view. 

1 

Key to Abbreviations of Fig. 1; 1, aortic root; 2, innominate arteries; 3, right systemic 
arch; 4, right radix aortae; 6, lijzamentum aortae; 6, ligamentum botalli; 7» pulmotiary artery; 
8, common carotid artery; 9, subclavian artery; 10, coracoid major artery; ll, axillary artery: 
12t intercostal artery; 13, pectoral arteries; 14, dnctus shawl; 15, vertebral arteries; 16, thyroid 
artei^; I7, superficial cervical artery (root); 18, internal carotid artery; 19, dorso-lateral 
cervical artery; 20, ventro-lateral cervical artery; 21,,asoending-oes<mhageaf artery; 22, dorso¬ 
lateral cervical artery; 23, dorsal aorta; 24, stemo-tracheal artery; 2&, coracoid minor artery; 
26, Bubscapular artery; 27, basi-cervical arteries; 28, tracheo-oesophageal arteries. 
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ventral and lateral rami. The ventral intercom usually lies along or near 
line of articulation between the ribs and sternum, while the lateral intercostal lies 
more dors^y (midway) along the inner surface of the ribs. 

Anteriorly, the common carotid arteries (8) give rise to the thyroid (16), 
vertebral (15), internal carotid (18), and superfici^ cervical arteiiM. The thyrcM 
arteries arise in the region of the carotid function at which point tlw common 
carotid divides to form the internal carotid, vertebral, and superficial cervical 
arteries. The ductus shawi arises either from the common carotid or from the 
vertebral artery near its origin on the common carotid. Both left and right 
ductus shawi pass posteriorly, dorsal to the heart, sending off branches to the 
trachea, syrinx, oesophagus, and fascia of the thorax dorsal to the heart. The 
superficial cervical root divides into two smaller branches, a ventro-lateral branch 
which supplies the l 3 ntnphatic glands and musculature on the left side, and the 
oesophagus, lymphatics, and musculature on the right side of the ne(^; and a 
more dorsal vessel which sends off several branches to the base of the ne^ (27), 
and a subscapular artery (26) before passing anteriorly to supply the cervical 
musculature. Both left and right inter^ carotid arteries (18) enter the hypapo- 
physial canal and the condition is referred to as bicarotidinae normales (Gaxrod). 
As these vessels pass anteriorly they send off small segmental arteries and finally 
divide to form the several branches of the internal and external carotid arteries in 
the region of the head. 

In Eudyples creslatus, the left radix aortae remains as the ligamentum aortae 
(Glenny, 1943). The distal portion of the right 6th aortic arch presents a small 
lumen for about three-fourths of its length (may be due to immaturity of the 
specimen) while the rest remains as the occluded vestige. 

Pygoscelis papm presents the same basic pattern as Eudypfes with but slight 
differences. The distal portion of the left radix aortae remains patent for most 
of its length. The right ductus botalli becomes atrophied and remains as the 
ligamentum botalli. 

Although one specimen was but four days old, Spheniscus demersus presents a 
similar arrangement to EudypUs. In each of t^ three specimens studied, the 
distal portion of the left radix aortae and right ductus botalli remain as ligaments. 

The arrangement of these arteries in Spheniscus mendictdus is the same as in 
the other species studied. The distal portion of the right 6th aortic (ux^ remains 
as a ductus botalli (probably a juvenile specimen), while the left radix becomes 
atrophied and persists as the ligamentum aortae. 

It is readily seen that the species of Penguins studied show the same basic 
arrangement-pattern of neck and thoracic arteries, and that all of these present 
at least ligamentous vestiges of the left radix aortae and right ductus arteriosus. 
It may also be reasoned that, since a lumen is found to be present in at least two 
specimens, atrophy of the left radix and right ductus botalu probably occurs only 
during the latter part of their embryonic development. 
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STUDIES IN THE BIOLOGY OP THE LEECH‘ 
vn. A New Method of Stainihg Nervous Tissue 

JOHN A. MILLER, 

Departmeot of Zoology and Entomology, 

The Ohio State Univenlty, 

Columbus, Ohio 

The technique planted in this paper employ certain elements of the original 
Gol^ method, combined with the working principle of the reduced silver method 
of Cajol. The accompanying illustrations demonstrate how effectively this 
technique differentiates the histological as well as the cytological details of tte 
nervous system of the leech.’ This method has in common with that of Golgi’s 
the useful character of staining only some of the neurons. The stained portions 
are impregnated with the reduced silver compound showing clearly their structure 
and pattern. The nerve cells and their processes are bU^ i^^nst a light blue 
background. Muscle or connective tissue cells, where appearing in the same 
held, are tinted red. If a counter stain is used color variations will be noted. 

Miller’s Method, Variants A and B 

DETAILS OF PROCEDURE 

1. Relaxing. 

The leech was placed in a shallow dish containing a 0.1 per cent chlcaetone 
solution to which had been added a pinch of protoletic enzyme. Caroid was 
found to be satisfactory. This latter, while not absolutely necess^, 
materially aided in disposing of the copious mucous secreted by the organism. 
After five minutes in the cmoretone solution, there was added drop by drop, 
a saturated solution of the same until the l^h was completely relaxed. It 
was then placed in a wax bottom dissecting pan. Here the leech was pinned 
to normal size and received the first application of the killing and fixing agent. 

2. KilUng and Fixing. 

A solution of 10 per cent formalin was used as a killing and fixing medium. 
The usual time of fixation was twenty-four hours. The animal was then 
washed thoroughly in tap water and in several changes of distilled water. 

3. The leech was dissected at this point. A ventral strip of body wall was 
frequently left attached for orientation. A completdy dissected nerve 

c tnm was pinned on a strip of heavy paper bent to form a bow. 

4. The tissue was then immersed in 3 per cent potassium dichromate for two 
weeks, then 

5. Rinsed in several changes of distilled water. 

6. The tissue was then placed in 1 per cent solution of silver nitrate; after a 
precipitate formed the tissue was transfemed to a frerii solution of 1 per cent 
silver nitrate for 1 week. 

7. Rinsed in several changes of distilled water. 


*Haimepis marmontis (Say). 
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8. Dehydration. 

In the dehydration of material for celloidin imbedding it was necessary 
to insure absolute removal of all water. The following procedure proved 
to be adequate for parts of the nervous system of small sections of the animal. 
Beginning with 30 per cent alcohol the material was carried through 
50-70-8Ch95-100 per cent alcohol for a minimum of two hours each. Two 
changes of two hours each in absolute alcohol-ether completed the process. 

9. Infiltration and Embedding. 

Following dehydration the tissue was placed in 10 per cent celloidin for 
eight hours and left overnight in 15 per cent celloidin. The material to be 
mounted was supported by a block of hardened celloidin and oriented within 
a mould formed by surrounding the fiber cutting block with gum paper. 
The cutting block mould was then filled with 15 per cent celloidin: the tissue 
oriented and hardened under a bell jar. Chloroform was used to complete 
the gardening process. When completely hardened the block was plac^ in 
thin cedar wo(^ oU where it remained until sectioned. (In the procedure 
outlined above the block of tissue did not exceed one centimeter in length.) 

10. Sections were cut to desired thickness. (Cedar wood oil was used in preference 
to alcohol during the cutting process.) 

11. Sections were placed in thin cedar wood oil, where they were kept until ready 
to proceed with the next step. Sections were kept serially by separates. At 
this point two alternative procedures were followed. 

VARIANT A 

12A. Sections gradually hydrated and placed in 

13A, Six per cent silver nitrate for four days (in the dark). 

14A. Washed in several changes of distilled water. 

15A. Reduced in the following mixture for 24 hours: (In the dark.) 


Hydroquinone. 2.0 g. 

Neutral formalin.20.0 cc. 

Water (distilled).200.0 cc. 


16A. Washed in several changes of distilled water, 

17A. (Optional). Tone in 0.2 per cent gold chloride, 30 minutes. 

18A. Washed in distilled water. 

19A. Fixed in 5 per cent hypo-sulphite of soda, 30 seconds. 

20A. Washed in distilled water. 

21 A. (Optional). Counter stain at this point if desired. 

22A, Dehydrate, clear, mount in clarite. (Follow standard procedures which 
will vary according to type of counter stain used.) 


EXPLANATION OF PLATE I 

Pic. 1, Photomicrograph—Method A. Cross-section through a ganglion, 

Pig. 2. Photomicrograph—Method A. Frontal section through a ganglion. 

PiG. 8, Photomicrogrraph—Method A. Longitudinal section through the caudal ganglion. 
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VARIANT B 

12B. Sections from cedar wood oil were gradually hydrated and placed in 
13B. 20 per cent silver nitrate solution OO-'OO minutes. 

14B. Washed quickly in distilled water and placed in 
15B. Ammoniated silver nitrate, 3 minutes. 

The above solution was prepared by adding concentrated aqua ammonia, 
drop by drop, to 20 per cent silver nitrate solution until the precipitate 
is almost dissolved. The mixture was then filtered. (The ammoniated 
silver nitrate must be freshly prepared and can be used only once.) 

16B. Washed quickly in distilled water. 

17B. Sections were placed in 10 per cent formalin one minute. 

18B. Washed in several changes of distilled water. 

19B. Toned in 2.0 per cent gold chloride 10 minutes. 

20B. Washed in distilled water. 

21B. (Optional procedure.) Reduce in 2.0 per cent oxalic acid + 1 cc, of formalin 
per 100 cc. of solution^ 20 seconds. 

22B. Washed in distilled water. 

23B. Fixed in 5.0 per cent of h)q>o-sulphite of soda, 2 minutes, 

24B. Washed in distilled water. 

25B. (Optional.) Counter stain at this point if desired. 

26B. Dehydrate, clear, mount in clarite. (Follow standard procedures which will 
vaiy according to type of counter stain used.) 

Counter staining was successfully emiiloyed following either of the above 
procedures. Mayer’s acid hematoxylin and eosin or haemalum gave good cellular 
differentiation. Mallory's phosphotungstic acid hijmatoxylin was very effective 
following either of the above variations Follow standard procedures for counter 
staining and subsequent treatment. 

Method A produced the best material for histological study, particularly noted 
in the longitudinal and frontal sections. 

Method B was especially useful in cytological study, being particularly valuable 
in the study of ganglion cells. 

The writer is preparing a manuscript of ‘‘Modifications in Neurological Micro¬ 
technique,” as applied to lee<'h material. This paper will appear m an early 
issue of this Journal. 
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EXPLANATION OF PLATE II 

Flo, 4. Photomiorograph--Method B, Cross-section through a n^rve cord. 

PlO. 5. Photomietograph—Method B. Cross-section through a ganglion. 

Fig, 6. PhOtomicrograph—Method B. Cross-section through the dorsal cephaliication. 


PERMANENT PRESTAINING IN BOTANICAL MICROTECHNIC* 


EUGENE B. WITTLAKE, 

The Ohio State University, Columbus, Ohi6 

One of the many pmblems in botanical microtechnic is the i^ta inm e n t of 
safranin at the proper intensity and brilliance when cotinterstaining with fast 
green FCF or any of the commonly used counterstains. Especially is it difficult 
when attempting to stain plant tissues previously treated with hydrofluoric acid. 

The term “permanent** is used here for the lack of a better word and to dis¬ 
tinguish this type of staining from ordinary procedures. The most common 
prestaini^ is a process of staining bulk mateiial so that it can be easily seen in 
the paraffin blodc or ribbon. In permanent prestaining, the bulk material is 
stained once and the stain used in prestaining becomes the primary stain of the 
finished preparation. 

In this instance a specific method was sought, which would be suitable for the 
staining of bluegrass leaves in transverse section. By using this type of pre¬ 
staining, several days may be added to the dehydration process; however, time is 
saved from imbedding to the finished preparation. 

The preparation of bluegrass leaves by this technic is relatively simple but 
certain procedures must be adhered to if the desired results are to be obtained. 
First, the leaves are cut transversely with a sharp ra^r blade into one-eighth inch 
lengths. If they are cut any longer uneven penetration of the dye is unavoidable. 
Also, siliceous compounds will not be uniformly removed when treated with 
hydrofluoric acid. 

OUTLINE OF PROCEDURE 

1. Place material in formaPacetic'alcohol (using 70 per cent ethyl alcohol), or Bouin’s 
Fluid, and by means of a vacuum pump or an apparatus similar to Wittlake's (2) 
vacuum apparatus, pump at 600 nun. mercury for 12 hours. 

2. Rinse quickly in distilled water and transfer to commercial hydrofluoric add (48 per 
cent)*. 120 hours. 

3. Remove material from the hydrofluoric acid and wash in running tap water for one 
hour. 

4. Transfer material to Johansen's (1) 50 per cent Tertiary Butyl Alcohol. Pump one 
hour at 600 mm. mercury. 

6. S^in in Safranin Y* made up according to Johansen's (1) procedure of preparing 
Safranin O with methocellosolve. Stain from 96 to 120 hours. 

6. Dehydrate by Johansen's (1) Tertiary Butyl Alcohol method up to 100 per cent at 
intervals of two hours. 

7. Transfer to 10,25, 50, 70, 85, 95, 100 per cent toluene series made up in tertiary butyl 
alcohol at two-hour intervals. 

8. Transfer to equal parts of xylene and toluene, and finally to 100 per cent xylene. 
Change at two-hour intervals, 

9. Place specimen bottle in the imbedding oven for one-half hour, allowing the xylene 
to warm up. Infiltrate in a good grade of rubber parafiEin by adding paraffin to the 
xylene at several three-hour intervals and pouring off half the volume of the tnixturs 

^Papers from the Department of Botany, The Ohio State University, No, 409- 

*Tbe hydrofluoric add used is obtainalfle from J. T* Baker Chenuoal Co.* Phittipri)urg, 
New Jerwy, in K-lb.(118.4g) paraffin cemtainer at a ^ncimtrato ^ 

•The Se^in Y used was manufactured by the Coleman and Co., Norwood, Ohio, 
certification No. C 8-7. 
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each time until no odor ol xylene can be detected. If a vacuum is used in the inhl> 
tratiag process only four or five changes will be necessary before all the xylene is 
removed. 

10. Section material at 10 microns and remove paraffin from slide with xylene, which 
will occur within about 6 minutes. 

11. Transfer to equal parts of xylene and absolute alcohol for 45 seconds, agitating the 
slide constantly. 

12. Transfer to absolute ethyl alcohol for 46 seconds and continue agitation. 

13. Counterstain with Johansen's Past Green POP* 30 to 45 seconds and agitate. 

14. Transfer slides to Johansen's (1) Past Green Rinse for one minute with vigorous 
agitation. (This is made up of one part xylene, one part clove oil and one part 100 per 
cent ethyl alcohol.) 

15. Clear in synthetic methyl salicylate two minutes. 

16. Complete in two changes of xylene at two-minute intervals. 

17. Mount in xylene balsam or clarite. 

Acceptable finished preparations, from tissues fixed in formal-acetic-alcohol, 
were obtained, showing very little plazmolysis and both the primary stain and the 
counterstain were up to standard as to brilliance and intensity. However, Bouin’s 
Fluid i^ved to be the preferred fixative for this particular leaf tissue. When 
using either of these fixatives, fixation was accomplished in a twelve-hour interval 
under vacuum at 600 mm. mercury. 

Since it is almost impossible to cut satisfactorily the leaves of many passes 
without first removing the silica, a commercial grade of hydrofluoric acid was 
used so that the material could be sectioned easily in paraffin. Of course, all 
containers in which this acid is used should be first paraffined on the inside, as well 
as the cork used for the container. A standard 50 cc. wide-mouthed bottle is 
sufficient for most material. Care should be taken not to breathe the ftunes 
of this acid. When the material becomes translucent to opaque in appearance, it 
is ready to be removed from the acid. This is usually from 96 to 120 hours. All 
material in this experiment was treated for 120 hours. 

In this staining method, the proper staining time of the bulk material was 
determined by selecting the material which showed after prestaining, a minimum 
of diffusion of the dye into the mesophyl of the leaf from the vascidar strands. 
The btUk material sdected in this way turned out to be the same material that 
was acceptable when carried through the above schedule to the finished preparation, 
A deoease or increase in the timing of the coimterstain altered the acceptability 
of the fiinish^ slide. When a counterstain time was secured with bulk material 
of these characteristics and showed the |m>per balance between the safranin 
and the fast green in the finished preparation, this counterstain time was used as 
the standard time. When bulk material was selected which showed a great amount 
of diffusion of the dye into the mesophyl, it was impossible to vary the counterstain 
time sufficiently to produce a satisfactory finished preparation. The same thing 
was true in the case of bulk material that was understained. 

In the safranin-fast green combination, the balance between the two stains 
changes even with the particular tissue being stained; hence alterations in the 
timing of stains in tr^t of the ^eral staining schedules is necessary. A safranin- 
fast green combination which is not up to standard can be detected by definite 
gra^tions of red to purple and blue to green from parts of tissue which should 
stain a hrilliant red to p&rts of tissue whichjStain a bnlliant green color. In other 
wmxis, a well differentiated preparation should show definite areas of ^reen and red. 

The writer has found that the range in time intervals between strictly alcoholic 

Fast Oran FCF used was matiufactured by the National Aniline and Chemical Co.^ 
InCr, New York, New York, certification No. NG dye content 91 per cent. 
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safranin and alcoholic fast green is much longer than the staining time interval 
between Johansen*s (1) Metho-cellosolve safranin and Johanscn*s Metho-cellosolve 
fast green* However, when the proper time interval is obtained with Johansen's 
stains, they yield excellent results. Althovigh, these time intervals between 
Johansen’s safranin and fast green arc more difficult to balance properly without 
obtaining blue and purple gradations of color, it would seem that a beginner would 
have more success with alcoholic safranin-fast green schedules. 

In this particular procedure the writer has used only a part of Johansen's 
Tertiary Butyl Alcohol Dehydration Method When 100 per cent tertiary butyl 
alcohol was reached, the material was transferred to 10 per cent toluene made up 
in 100 per c^ent tertiary butyl alcohol. This was done to avoid the use of paraffin 
oil in Johansen’s schedule. Paraffin oil is extremely hard to extract from plant 
tissues once it gains entrance The author, as well as several of his associates, have 
tried Johansen’s Tertiary Butyl Alcohol Dehydration Method with no success. 
When ready to cut mfiltrated material where there is a trace of paraffin oil left 
in the tissues, it is almost impossible to get a satisfactory riblx)n. 

I'oluene was used with 100 per cent tertiary butyl alcohol and after extended 
use of this particular combination of liquids, it was found that a minimum of 
hardening of tissues resulted. The lack of brittleness was very apparent in contrast 
to material run through a long series of xylenes and ethyl alcohols. 

Although this staining procedure was worked out specifically for bluegrass 
leaves it has been successfully used on other material. Many other tissues not 
treated with hydrofluoric acid were also used with the result that safranin was 
retained easily and to a very high intensity. Another observation is that material 
permanently prestained by this method can be left in the dehydration alcohols 
much longer than in regular staining schedules. 
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So You Wont to Be a Chemist 

“A chemist is more or less u human being, though not always behaving like one, who is 
going U) come to be welcomed in more and more fields of business activity and industry as people 
learn more about him and as he in turn learns more about people.*^—so Eh*. Coith defines 
(describes) a chemist. With similar frankness and "shop-talk language” he develops his theme: 
The Work of the Chemist in Standards, Research, Plant Development and Products Service; he 
then discusses The Kind of Chemists Industry Wants, The Kind of Industries Chemists Want, 
and The Chemist in Wartime. The diw'u.ssion is general enough to bold one’s interest, but 
spa-ific enough to give a helpful point of view on ^lertinent Questions by a successful industrial 
chemist. This is a very helpful book to have on every teachers book shelf where it will be handy 
to loan to the young person intere>sted in industrial chemistry. But to be fair to the youth and 
to the field of ('hemistry, such counsellors should also have a companion book to present the work 
of the chemist in universities and in the great research foundations, those areas unfortunately 
are not treated in this book.— A. B. Garrett. 

So You Want to Be a Chemist, Herbert Coith, 128 pages. McGraw-Hill Book Company, 
New York. 1943. 


Tmddenny 

This new book on taxidermy, although ^lall, is sufficient to satisfy the need.s of amateurs 
ajid most teachers. The book is carefully written and nicely illustrated. Detailed directions are 
givm Rpecifioatly for the mounting of a deer head, a fish, bird, wildcat, squirrel, tortoise, hom^ 
toad and a crayfish A list of tools and necessary matenals is given with suggestions for possible 
substitutions.—G. W. B. . 

Pray* pp.p 45 illustrations. Macmillan Comlf>any, New York, 

1943, $1 49. 



FRESHWATER CHLOROPHYCEAE AND XANTHOPHYCEAE 

FROM PUERTO RICO 


L H. TIFFANY and M. E. BRITTON, 

Northwestern University, 

Evanston, Ill. 

It was the plan of the late Dr. Marshall Avery Howe of the New York Botanical 
Garden to publish comprehensive surveys of the freshwater algae of Puerto Rico 
Some of these have already appeared. The analysis of the samples of algae 
collected by the Norwegian algologist, N. Wille, during the last week of December, 
1914, and the first three months of 1915, were to have formed a part of these 
reports. The collection of Professor Wille, submitted to us by Dr. Howe some 
ten years ago, has now been quite thoroughly explored for recognizable Chloro- 
phyceae and Xanthophyceae. Preliminary reports have been made by Wille 
(1915) and Tiffany (1936). In the latter, one genus and fourteen species were 
described as new, and the descriptions of three others were emended,* 

This paper lists four species and varieties of Xanthophyceae and 228 species 
and varieties of Chlorophyceae. The latter group includes 35 species and varieties 
previously listed for Puerto Rico (Lagerheim, 1887; Moebius, 1888), but not found 
by the present writers; and 11 species and varieties previously listed by the above 
named and also appearing in Wille’s collections.® It has seemed best to include 
these older records here, and names have been changed accordingly to conform 
with modem synonomy 

The writers express their appreciation to Dr E N. Transeau and to Dr C E. 
Taft, of the Ohio State University, for their generous assistance in the identification 
of certain Zygnemataceae and Desmidiaceae; and to the staff of the New York 
Botanical Garden for the opportunity of studying this valuable collection. Trans- 
lation of Wille's field notes was made by Dr Howe. 

XANTHOPHYCEAE 

heterocckcauvs 

Ophiocytiaceae 

Ophiocytium capitetum Wolle 

In pool near park, Santurce, Dec. 26; in brook near the Expenment Station, Rio Piedras, 
Deo. 28. 

O. parmlum (Perty) A. Braun 

Jn pool near park, Santurce, Dec, 25, Feb 3; east of Humaoao, Jan. 23; in pool about four 
kilometers north of Mayaguez, Feb. 24 

Botryococcaceae 

\ Centritractos belonophorut Lenun. 

In pool near park, Santurce, Dec. 26. 

HETEROTRICHALES 

Tribonemataceae 

Tribonema bombycieum vor. tenue (Hazen) Tiffany 

In ditch, Jayuya, Mar. 16. 

‘These algae are indicated in the systematiodisting by prefacing an asterisk to each name. 

*Many of the species recorded by Moebius are too uncertain to be recognized. All of 
Lagerheim*s records of Chlortyhyceae are included here, except Despi%dium haiUyi (Rails) 
Nor<Ut. var. quadfan^latum^ Staurastrum qmdrangulare Breb. var. aitenuatum Nordst., and 
Cosmarium mmfzhiniT^Teb.f. Delp, which we have not been able to place accurately. 
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CHLOROPHYCEAE 

VOtVOCALES 

Phacoiacea^ 

Plucotui leoticuUrii (£hr.) Stein 
West of Humacao, Jan. 21. 

Volvocaceae 

Gonituu pectorale Muell. 

Caguas, Jan. 16. 

Pandotina morum Bory 

In a pool near the park, Santurce, Dec. 25; in pool west of Humacao, Jan. 21. 

TETRASPORALES 

PalmeUaceae 

Gloeocystia ampla Kuetz. 

Cs^guas, Jan. 17; west of Humacao, Jan. 22; east of Humacao, Jan. 23; in pool near Borinqucn 
Park, Santurce, Feb. 3; in pool about 4 kilometers north of Mayaguez, Feb. 24; in pool between 
HatiUo and Arecibo, Feb. 2r7; in water basin west of Experiment Stotion, Rio Piedras, Mar. 23. 

SphaerocystlB schroetari Chodat 

In stream about 5 kilometers east of Coamo, Jan. 8; east of Humacao, Jan. 23; in pool near 
Borinqucn Park, Santurce, Feb. 3; in pool about 4 kilometers north of Mayaguez, Feb. 24. 

(?) Urococcus inaignig (Hass.) Kuetz. 

On water plants, east of Humacao, Jan. 23. Identified only by size and the character oHthe 
stratified gelatinous sheath. The red coloration characteristic of the species was not evident 
in the preserved material. 


Tetrasporaceae 

Schizochlamys gelatinoza A. Braun 
At Mancao, Feb, 21. 

Tetrasponi gelatUiosa (Vauch.) Desv. 

In stream about 5 kilometers east of Coamo, Jan. 8. 

T. Inbrica (Roth) Ag. 

In stream about 6 kilometers east of Coamo, Jan. 8; in brook west of Humacao, Jan, 21. 

ULOTWCHALES 

Ulotrichaceae 

Binuclearia tatrana Wittr. 

In river at Utuado, Mar. 5. 

Stichococcus flacddua (Kuetz.) Gay 

Reported by Wille but not seen by present writers. 

On palm roots in ditch south of Mayaguez, Feb. 11; on wood on way to Monte Montoso, 
Maricao, Feb. 13; on earth between Hato Mriba and Arecibo, Mar. 1. 

Ulothiiz aequalls Kuetz. 

In river at Utuado, Mar. 6. 

U, zonata (Weber & Mohr) Kuetz. 

In Turabo River, Caguas, Jan. 17; in ditch on way to the Playa, Fajardo, Feb. 27; in ditch 
south of Mayaguez, Feb, 11; in water basin west of Experiment Station, Rio Piedras, Mar. 23, 

Micfosporaceae 

Microapora tumidula Hazen 

In brook on way to San Lorenzo, Jan. 18; in brook west of Humacao, Dec, 21; in stream 
west of Humacao, Jan. 22. 

M. wUleana L^g. 

In stream about 5 kilometers east of Coamo, Jan. 8; in river at Utuado, Mar, 6. 

Chaetoph&ractae 

Chlorotylium eataractom Kuetz. 

In stream a^ut 5 kilometers east of Coamo, Jan. 8; in Coamo River, about 5 kilometers 
south of Coamo Springs, Jan. 10. 

*Climiopliora caplteUata Tiffany 

Near reservoir west of Experiment Station, Rio Piedraz, Dec. 31; }n trade bn the road 



No. 1 


CHLOKDFHYCBAB AND XANTHOrHYCBAB FROM PUERTO RICO 


41 


northward from Maiicao» Peb. 20* in water basin west of Experiment Station, Rio Piedras, 
Mar. 28; on stone in river north of Maricao, Feb. 22. 
wiUd Tiffany 

On the dam by water reservoir, Rio Piedras, Dec. 31. 

Protodenna viride Kuets. 

In pool, Jayiiya, Mar. 15; on Oedogonium in water basin west of Experiment Station, Rio 
Piedras, Mar. 

Stigeoclonium attennatam (Haaen) Collins 

In water basin west of Experiment Station, Rio Piedras, Mar. 28. 

S. nantim (Dillw.) Kuets. 

On water plants in ditch south of Mayaguez, Feb. 11. 

8. vtacnmtile (Hazen) Collins 

In stream east of Humacao, Jan, 23; on stone in stream, Humacao, Jan. 24; on gutter stone, 
Mayaguez, Peb. 25. 

S. tsBue (Ag.) Kuetss. 

On bark of a stick in water east of Humacao, Jan. 23. 

Proiococcaceae 

Pleurococcttfl vi4|{ari« Naw. non Menegh. 

On old bark in railroad station, Naguabo, Jan. 26; on bark in shady wood, Maricao, Feb. 21. 


Coleochaetaceae 

*Col 60 chaete diajuncta Tiffany 

In pool near Borinquen Rark, Santurce, Feb. 3. 

C. irregularis Pringsh, 

In pool about 4 kilometers north of Mayaguez, Feb. 24. 

C. pulvisata A. Braun 

In pool about 4 kilometers north of Mayaguez, Feb. 24. 

C. scutaU Breb. ' 

In pool near pork, Santurce, Dec. 26; on water plants near reservoir west of Experiment 
Station, Rio Piedras, Tan, 8; in a stream aTOut 6 kilometers east of Coamo, Jan. 17; on stems of 
Potamogeton in Turalx) River, Caguas, Jan. 23; on water plants in a stream east of Humacao, 
Jan. 23; in water basin west of Experiment Station, Rio Pie^as, Mar. 23. 

TrenUpohliaceae 

Cepholeuroe virescens Kunze 

On leaves, Coamo Springs, Jan. 14; on water plants in stream west of Humacao, Jan. 22; on 
leaves near Laguna Tortuguero, Feb. 5. 

Gonsprodra viridia Kuetz. 

In stream about 5 kilometers east of Coamo, Jan. 8. 

Leptoaira medidana Borzi 

Chi roots in woods, Coamo Springs, Jan. 12. Identified by Wille. 

Phycopelda e^^yton Mill. (PhyUacHdium tropicum Moebius) Moebius (1888) 

On tree, Coamo Springs, Jan. 10; on citrus leaves near La Juanita, Feb. 9 (collected by E, G. 
Britton); on palm leaf at La Juanita, Feb. 9. 

Trentepohlla aurea (L.) Mart. 

On reservoir wall west of Experiment Station, Rio Piedras, Jan. 2; on old wood, Hacienda 

S itaUna, Palmar, Jan. 29; on concrete fountain and bark in woods on way to Monte Montoso, 
aricoo, Feb. 13; on bark near “C^mpo,** Maricao, Feb. 19; on bark about 6 kilometers north 
of Utuado, Mar. 8; on bark, Arroyo de los Corchos, Mar. 13. 

T« ekkagata (Zdler) DeToni 

In a bmk near Rio Piedras, Dec. 27; in brook near Experiment Station, Rio Piedras, 
Dec. 28. 

^T. watitreeAdi Tiffany 

On palm bark in park, Santurce, Dec. 24. 

♦T. wUlei (Tiffany) Prints ( Nyiandera vfillei Tiffany) 

On leaves north of Miuioao, Peb. 22. 


(itadopbora crii 

Moebius (rt 


Cladopkaraceae 

Cabo and in river and brook at Coamo, 
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C. glomerata (L) Kuctz. 

Moebms (1888). Collected on rocks in Marillos River at Cayoy, 

Generally distributed in streams and rivers. About 6 kilometers east of Coamo. Jan. 8; 
near Coamo Springs, Jan. 11; Caguas, Jan. 16; on way to San Lorenzo, Jan. 18; water basin west 
of Experiment Station, Rio Mar. 23. The species shows considerable variation in 

appearance and shape of cells, but to try to recognize separate varieties seems unwise. 

IHthopliora mooreana Collins 

In water reservoir, Rio Piedras, Dec. 28; in water basin west of Experiment Station, Rio 
Piedras, Mar. 23. 

P. oedoKonia (Mont.) Wittr. 

In pool between Hatillo and Areoibo, Feb. 27 
P, varia Wille 

In water reservoir, Rio Piedras, Dec. 28; in pool about 4 kilometers north of Mayaguez, 
Feb. 24; in j>ool, Jayuya, Mar. 16; in water basin west of Experiment Station, Rio nedras, 
Mar. 23. 

Rhizoclonium fontanum Kuetz. (R. fonttnale Wolle) 

Moebius (1888). Collected in Morillos River, Cayey. 

In brook. Hacienda Oitalina, Palmar, Jan. 29; in a cement water-holder, Coral Veijo, 12 
kilometers north of Ponce,., Mar. 12. 

R. hieroglyphicum (Ag.) Kuetz. 

Generally distributed in lhx)Is, brooks and nvers. Near Rio Piedras, Dec. 27, 28; west of 
Humarao, Jan. 22; in Laguna Tortuguero, Feb, 5; about 4 kilometers north of Mayaguez, Feb. 24; 
about 5 kilometers north of Utuado, Mar. 8; in ditch between Utuado and Ad juntas, Mar 10; 
Jayuya, Mar. 15; water basin west of Experiment Station, Rio Piedras, Mar. 23. 


OEDOGONIALES 


Oedogoniaceae 

Bulbocbaete elatior Piwsh. 

On water plants in Turabo River, Caguas, Jan. 17; stream east of Humacao, Jan. 23. 

B. iotennedia DeBary 

On water plants in river east of Humacao, Jan. 23. 

*Oedocladium operculatum Tiffany 

On ground, Juan Martin, Jan. 28; on earth in garden near Sabana Grande, Mayaguez, 
Feb. 9. 

Oed<wonluin abbreviatum (Him) Tiffany 

On water pktnts in brook near Rio Piedras, Dec. 24; in Coamo River about 5 kilometers 
south of Coamo Springs, Jan, 10; in pool between Hatillo and Arecibo, Feb. 27. 

*0. brittoni Tiffany 

In Coamo River near Coamo Springs, Jan. 11, Mar. 20. 

O. cardlacum var. carbonicum Wittr. 

In a stream about 6 kilometers east of Coamo, Jan. 8. 

O. criapum (Hass.) Wittr. 

On water plants in brook west of Humacao, Jan. 21. 

O. cyathigenun Wittr. 

In water basin west of Experiment Station, Rio Piedras, Mar. 23. 

0. dedpiens var diaaimlle (Him) Tiffa^ 

On water plants in Turabo River, Caguas, Jan. 17; in pool near Bodnquen Park, Santurce, 
Feb. 3. 


O. eioapirale Tiffany 

On roots of Eichornia cfa^dpes in river, Caguas, Jan. 16. 

*0. flguratum Tiffany 

On roots of Eichornia crassipes and other water plants in river, Caguas, Jan. 16; on water 
plants in brook west of Humacao, Jan. 21; in pool between Hatillo and Arodbo, Feb. 27. 

O. flexuostim Him 

On roots of water plants in river at Utuado, Mar. 6; in pool by river about 6 kilometers north 
of Utuado, Mar. 8. 


O. foveolatum Wittr. 


In brook on way to San Lorenzo, Jan. 18; in pool between HatUlo and Arecibo. Feb. 27; in 
ditch along the road, about 12 kilometers north of Utuado, Mar. 6. 


O. gradllus (Wittr.) TiflEany 

In water basin west of Experiment Station, Rio Piedras, Mar. 23. 
0. gncitlixnum Wittr. & Lund. 

On water plants in brook west of Humacao, Jan. 21. 
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O. grande Kuetz. 

CHi water plants in brook west of Humacao, Jan. 21. 

■'O. howardU G. S. West 

In stream about 6 kilometers east of Coamo, Jon. 8, 16; in pool near Bonnquen 
Park, Santurce, Feb. 3; in pool between Hatillo and Arecibo, Feb. 27; on rocks, Jayuya, Mar. 16; 
in Coamo River, Mar. 20. 

*0. howei Tiffany 

In pool between Hatillo and Aretnbo, Feb. 27. 

O. hyatricinum Transeau & Tiffany 

In pool near Bonnquen Park, Santurce, Feb. 3 
O. Ulinoianae Transeau 

On roots of Eichornia crassipes m river, Caguas, Jan. 16. 

O. inconspicutun Him 

In pool near park, Santurce, Dec, 25; in a pool near Borinquen Park, Santurce, Feb 3. 

O. intermedium Wittr. 

In ditch 12 kilometers north of Utuado, Mar. 6. 

O. inversum Wittr. 

Laguna Guanica, Miir. 17. 

O. kurzii G. Zeller 

In pool by river, 5 kilometers north of Utuado, Mar. 8. 

O. Uetevirens Wittr. 

In pool lietween Hatillo and Arecibo, Feb. 27. 

*0. lageniforme Him 

In water reservoir west of Experiment Station, Rio Piedras, Jan. 2. 

O. latiuftculum Tiffany 

In water reservoir west of Experiment Station, Rio Piedras, Jan. 2; in Coamo River, about 
5 kilometers .south of Coamo Springs, Jan. 10. 

0. lAtviense (Tiffany) Tiffany 

On water plants near reservoir west of Experiment Station, Rio Piedras, Dec, 31; on water 
plants by bridge, Caguas, Jan. 16; in stream west of Humacao, Jan. 22. 

O. lemmemumnii Tiffany 

In stream about 6 kilometers east of Coamo, Jan. 28. 

O. nuicrandrium v£ir. hohenackerii (Wittr.) Tiffany 
In pool between Hatillo and Arecibo, Feb. 27. 

O. mACrandrium var. propinquum (Wittr.) Him 

In brook on way to San Lorenzo, Jan. 18; in pool between Hatillo and Arecibo, Feb. 27. 

O. mcmile Berk. & Harv. 

In pool near Muyaguez, Feb. 24. 

O, nanum Wittr. 

On water plants in pool between Hatillo and Arecibo, Feb. 27. 

O. obagum Wittr. 

In pool near park, Santurce, Dec, 26; in brook on way to San Lorenzo, Jan. 18; in brook 
west of Humacao, Jan. 21. 

O. obtnmcatum Wittr. 

On water plants by bridge, Caguas, Jan, 16; in ditch south of Mayaguez, Feb. 11; on water 
plants in pool between Hatillo and Arecibo, Feb. 27; in pool, Jayuya, Mar. 15. 

O. pAttlenae Nordst. & Him 

In pool near Borinquen Park, Santurce, Feb. 3. 

O/peffectum (Him) Tiffany 

In ditch south of Mayaguez, Feb. 11. 

O. pringAheimii Cramer 

On water plants in brook west of Humacao, Jan. 21; in pool between Arecibo and Hatillo, 
Feb. 27; in river at Utuado, Mar. 5. 

*0. rugulomim var. rotundAtum (Him) Tiffany. 

In pool near Borinquen Park, Santurce, Feb. 3; in pool between Hatillo and Arecibo, Feb. 27. 
'*'0. sAiituicefifte Tiffany 

In pool near Borinquen Park, Santurce, Feb. 3. . 

<). seneigAleAAe (Nordst.) Tiffany 

In f>ool near Borinquen Park, Santurce, Feb. 3. 

*0. gubAzeolAtum Tiffany 

In pool near Borinquen Park, Santurce, Feb. 8. 
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O. woUeanum Wittr. 

In water reservoir, Rio Piedras, Dec. 28. 

O. mUei Tifiany 

On water plants in brook west of Humacao, Jan. 21. 

ULVALES 

Sckizomeridactae 

Sdiizomeris leibleiiiii Kuetz. 

Generally distributed, often on water plants and stones in pools, ditches, streams and 
reservoirs. Near Rio Piedras, Doc. 27, 31; 6 kilometers east of Coamo, Jan. 8; Ca^uas, Jan. 16; 
on way to San Lorenzo, Jan. 18; west of Hutnacao, Jan. 21; east of Humacao, Jan. 23; Parjardo, 

i an. 27; Hacienda Catalma, Palmar, Jan. 29; South of Mayaguez, Feb. 11; 4 kilomctera north of 
layaguez, Feb. 24; Mayaguez, Feb. 25; between Hatillo and Arecibo, Feb. 27; Utuado, Mar. 5; 
Ponce, Mar. 12; Jayuya, Mar. 16. 

In some cdlections there appeared a Schizomeris whose general habit was somewhat unlike 
that of the species above, but until more data are available, it does not seem desirable to attempt 
a separation. 


^ SCHIZOGONIALES 

Schizogoniaceae 

Schizogonium nnirale Kuetz. 

On rocks between Utuado and Adjuntas, Mar. 10. 

CHLOROCOCCALES 

Hydfodictyaceae 

Pediastnun duplex Meyen 

In pool near park, Santurce, Dec, 25; in a stream about 6 kilometers east of Coamo, Jan, 8; 
in pool near Borinquen Park, Santurce, Feb. 3. 

P. tetraa (Ehr.) Ralfs (P. ehrenhergti A, Br.) 

Lagerheim (1887). Collected at Fajardo and Caguas. 

MoeWus (1888). 

In stream about 5 kilometers east of Coamo, Jan. 8j on water pknts by bridge, Caguas, 
Jan. 16; on water plants in Turabo River, Caguas, Tan. 17; m stream east of Humacao, Jan, 23; in 
pool near Borinc^uen Park, Santurce, Feb. 3; in Coamo River, Mar. 20; in water basin west of 
Experiment Station, Rio Piedras, Mar. 28. 

P. tetrafi var. tetraodon (Corda) Hansgirg 

In a stream about 5 kilometers east of Coamo, Jan. 8. 

Soraatrum ameiicanum (Bohlin) Schmidle 

In pool near the park, Santurce, Dec. 25; in stream about 5 kilometers east of Coamo, Jan. 8; 
on water plants in Turabo River, Caguas, Jun. 17; in pool near Borinquen Park, Santurce, Feb. 3. 
S. bldentatum Reinsc h 

Lagerheim (1887). Collected at Fajardo. 

S. apinulOBum Naeg. 

In a stream about 5 kilometers east of Coamo, Jan. 8; on water plants in Turabo River, 
Caguas, Jan. 17; in pool near Borinquen Park, Santurce, Feb. 3. 

Coelastraceae 

CoeUstrum cambricom Archer 

In a pool near pork, Santurce, Dec. 26; on water plants in Turabo River, Caguas, Jan. 17. 

C. microporum Naeg. 

In pool near park, Santurce, Dec. 25; on water plants in Turabo River, Jan. 17; in brook 
on way to San Lorenzo, Jto. 18; Caguas, Jan. 19; in pool near Borinquen Park, Santurce, F^. 8; 
in Laguna Tortugucro, Feb, 5; in Coamo River, Mar. 23; in water basin west of Experiment 
Station, Rio Piedras, Mar. 23. 

C. morus var. capenM Fritsch. 

In rock d^ession in river near Maricao, Feb, 15; on rocks between Utuado and Adjuntas, 
Mar. 10. 

C. proboaddeom Bohlin 

In river near Maricao, Feb. 16. 

OocysiaceiU 

Ankistrodeaimu falcatus (Corda) Ralfs (Rapkidium pidym0rphum Fresen,) 

Lagerheim (1887). Collected at Fajardo. 
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DJmofphococcui lunattu A. Braun 

In a pool near park, Santurce^ Dec. 25; on water plants in Turabo River, Cag^as, Jan. 17; in 
pool near Borinqnen Park, Saaturce, Feb. 3. 

Gloeotaenitun loitlMbexierianum Hansgirg 
In Laguna Tortuguero, Feb. 6. 

Klrchnerlella lunaxis (Kirchner) Moebiua 
In Laguna Tortuguero, Feb. 5. 

Nei^Lrocythiiii obetum West 

On water plants in Turabo River, Caguas, Jan. 17. 

Oocystis solitaria Wittr. 

Lagerheim (1887). Collected at Fajardo. 

Moebius (1888). 

Selenaitmm blbraianum Reinsch 

On water plants in Turabo River, Jan. 17. 

S. faibraianum vor. gracile (Reinsch) Tiffany & Ahlstrom 
On water plants in Turabo River, Caguas, Jan. 17. 

Tetraedron minimum (A. £r.) Hansgiig 

In stream about 5 kilometers east of Coamo, Jan. 8; on water plants by bridge, Caguas, 

J an. 16; on water plants in Turabo River, Caguas, Jan. 17; on water plants in brook west of 
lumacao, Jan. 21; in rock depression in river near Maricao, Feb. 15; in pool about 4 kilometers 
north of Mayaguez, Feb. 24; on rocks on way to Jayuya, Mar. 15. 

T. minimum f. tetralobulatum Reinsch 

In stream about 5 kilometers east of Coamo, Jan. 8; in rock depression in river near Maricao, 
Feb. 15; in water basin west of Experiment Station, Rio Piedras, Mar. 23. 

T. muticum (A. Br.) Hansgirg 

In pool about 4 kilometers north of Mayaguez, Feb. 24. 

T. pentaedricum W. & G. S. West 

On water plants in Turabo River, Caguas, Jan. 17. 

T. regulare Kuetz. 

In pool near park, Santurce, Dec. 26; in rock depression in river near Maricao, Peb. 15. 

T. r^ulare var. bifurcatum Wille {Polyedrium ieiraedricum var. bifurcaium Wille) 

Lagerheim (1887). Collected at Fajardo. 

T. re^tre var. torsum Turner 

In a pool near the park, Santurce, Dec, 25. 

T. trigOBum (Naeg.) Hansgirg 

In pool about 4 kilometers north of Mayaguez, Feb. 24, 


Scenedtsmaceae 

Scenedeimufl abundgns (Kirchner) Chodat 

In a pool near park, Santurce, Dec. 25, Feb. 3. 

S. acundnatus (L^.) Chodat 

In pool near Borinquen Park, Santurce, Feb. 3. 

8 . acutifomiia Schroeder 

In pool near park, Santurce, Dec. 26; in Turabo River, Caguas, Jan. 17; in stream east of 
Humacao, Jan. 23; in pool near Eiorinquoi Park, Santurce, Feb. 3; in pool near river, 5 kilometers 
north of Utuado, Mar. 8. 

S. arcuatua var. platydlaca G. M. Smith 

On water plants in Turabo River, Caguas, Jan. 17; in pool about 4 kilometers north of 
Mapiaguez, Feb. 24. 

8. anaatua (Chodat) O. M. Smith 

In pool about 4 kilometers north of Mayaguez, Feb. 24. 

S. annatna vor. bkaudataa (OugUelmetti) Chodat 
In brook on way to Son Lorenao, Jan. 18. 

S. amataa yar* e|»^aatifa Chodat 

In stream about 6 Idilomeiers east of Coamo, Jon. on water plants east of Humacao, 
Jan. 23; in river, Fajardo, Jan. 26; in Laguna Tortuguero, Peb. 5; in water basin west of Experi¬ 
ment Station^ Rio Fmdras, Mar. 

8* IkUoga (Tetrp.) l^erhehn 

In pool near pork, Santurce, Dec. 25; in water reservoir, Rio Piedras, Dec. 28; in stream 
about 5Idlometers east of Coamo, Jan. 8; in pool near Bmnquen Park, Santurce, Feb. 3; in pool 
about 4 kilometers nortk of Mayaguez, 24; in pool by river, about 5 kilometers north of 
utuado, Mar. 8, 





46 


L. H. TIFFANY AND M. E. BRITTON 


Vol. XUV 


S. bihic* var. altemans (Reinsch) Bo^e 

Lagerheim (1887). Collected at Fajardo. 

In a atreain about 5 kilometers east of Coamo, Jan. 8; in a nver near Maricao, Feb. 15. 

S. brasilien«i8 Bohtin 

In pool near park, Sunturce, Dec. 26; on water plants in Turabo River, Caguas, Jan. 17; on 
water plants in river, Faprdo, Jan. 26; on stone in river, Fajardo, Jan. 27; in pool near Borinquen 
Park, Santurce, Feb. 3; m rock depression in river near Maricao, Peb, 15; in pool by river, about 
5 kilometers north of Utuado, Mar. 8. 

S. bragiliensis var. oorvegicuB Printz 

In pool near Borinquen Park, Santurce, Feb 3. 

S. dimorphuB (Turpin) Kuetz. 

In stream about 6 kilometers east of Coamo, Jan. 8; in rock depression in river near Maricao. 
Feb. 15; in pool by nver about 5 kilometers north of Utuado, Mar. 8; on rocks on way to Jayuya, 
Mar. 15; in pool, Jayuya, Mar. 15; in swamp, Jayuya, Mar 15; in pool, Jayuya, Mar, 15. 

S. hyBtrix Lagerheiin 

Lagerheim (1887). Collected at Fajardo and Caguas 

S. incraBBBtuluB var mononae G. M. Smith 

In stream about 6 kilometers east of Coamo, Jun. 8; in rock depression m river near Marit'ao, 
Peb. 15. 

S. obliquuB (Turp.) Kuetzing 

In pool nea^ark, Santurce, Dec. 25; m stream about 5 kilometers east of Coamo, Jan. 8; on 
water plants in Turabo River, Caguas, Tan. 17; in pool near Borinquen Park, Santurce, Feb. 3; 
m {xxifby river about 5 kilometers north of Utuado, Mar. 8, 

S. quAdricauda (Turp.) Breb. 

In pool near Borinquen Park, Santurce, Dec. 25, Feb. 3; in stream about 5 kilometers east 
of Coamo, Jan 8; on water plants in Turabo River, Ca^as, Jan. 17; in Laguna Tortuguero, 
Feb. 5; in pool about 4 kilometers north of Mayaguez, Feb. 24; in pool between Hatillo and 
Arecibo, Feo, 27; among water plants in pool, Jayuya, Mar. 15. 

S. quadricauda var. mazimuB W. & G. S West 
In Laguna Tortuguero, Feb. 5. 

S. quadricauda var. quadrispina (Chodat) Smith 

In pool near Bonnquen Park, Santurce, Dec. 25; in stream about 5 kilometers east of Coamo, 
Jan. 8; in pool about 4 kilometers north of Mayaguez, Feb. 24. 

SIPHONALES 

V auckeriaceae 

Vaucheria BeBBilis (Vauch.) DC. 

In ditch between Utuado and Adjuntas, Mar. 10. 


ZYGNEMATALES 


Zygnemataceae 

Mougeotia calcarea (Cleve) Wittrock 
In Laguna Tortuguero, Feb. 5. 

M. globuUbpora Jao 

In stream about 5 kilometers east of Coamo, Jan. 8. 
M. tumldula Transeau 

In ditch near Laguna Joyuda, Mayaguez, Feb* 18. 


*Pleurodi8CUB borinquwae Tiffany 

In river near Hacienda Catalina, Palmar, Jan. 29, 31; in Laguna Tortuguero, Feb. 5; near 
Maricao, Feb. 13; near Jayuya, Mar. 16. 

Sirogontum atlcticum (Engl. Bot.) Kuetz. 

On moist earth by brook west of Humacao, Jan. 22. 

Spirogyra daedolea Lagerheim 

In a stream about 6 kilometers east of Coamo, Jan. 8. 

S. dedmina (Mueller) Kuetz. 

In pool near park, Santurce, Dec. 25; in stream about 6 kilometCTB east of Coamo, Jan. 8; 
in alluvial slime in Coamo River, about 6 kilometers south of Coamo Springs, Jan. 10; in ditch, 
Humacao, Jan. 20 ; in pool about 4 kilometers north of Mayaguez, ]^b. 24; in river at Utuado, 
Mar. 5; in pool by river, about 6 kDometers north of Utuado, Mar. 8. 

& dlBcreta Transeau 

In a stream about 5 kilometers east of Coamo, Jan. 8> 
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S. emilknenBii Bonhomme 

In brook on way to San Lorenzo, Jan, 8; in stream west of Hiunacao, Jart* 22; in Rio Grande, 
near ^bana Grande, Feb. 9; in Coamo River by Coamo Springs, Mar. 19. 

S. farlowii Transeau 

In a stream about 5 kilometers east of Coamo, Jan. 8; in pool 5 kilometers north of Utuado, 
Mar. 8. 

S. fluviatilia Hilse 

In stream west of Humacao, Jan. 22, in pool about 4 kilometers north of Mayaguez, Feb. 24. 
*S. hatilleflalB Transeau 

In pool between Hatillo and Arecibo, Feb. 27. 

S. hyalina Cleve 

In brook on way to San Lorenzo, Jan. 18; in ditch south of Mayaguez, Feb 11, 

S. infUta (Vaurh.) l^benhorst 

In stream about 5 kilometers east of Coamo, Jan. 8. 

S. majtMCuU Kuetzing 

In pool between Hatillo and Arecibo, Feb. 27. 
minor (Schmidle) Transeau 
In stream about 5 kilometers east of Coamo, Jan, 8. 

S. neglecta (Hassall) Kuetzing 

In Coamo River near Coamo Springs, Jan. 11. 

S. nitida (Dillw.) Link 

In brook, Hacienda Holm, Mayaguez, Feb. 17. 

*S. imAdiilaminata Jao 

in a stream about 5 kilometers east of Coamo, Jan. 8. 

5. sdunidtii W. & G. S. West 

In pool about 4 kilometers north of Mayaguez, Feb. 24. 

S. BUbrectlculAtft Fritsch 

In water reservoir, Rio Piedras, Dec. 28, in stream about 5 kilometers east of Coamo, Jan. 8; 
in ditch south of Mayaguez, Feb 11; m river north from Maricao, Feb. 22. 

S. trijplicata (Collins) Transeau 

In Coamo River near Coamo Springs, Jan. 11; in Iwrook on way to San Lorenzo, Jan. 18. 

S. tropica (W. & G. S. West) Transeau 

In stream about 5 kilometers east of Coamo, Jan. li; in Coamo River near Coamo Springs, 
Feb. 11; in brook on way to San Lorenzo, Jan. 18; in clitch south of Mayaguez, Feb. 11; in p^l 
between Hatillo and Arecibo, Feb. 27; in pool by river, about 5 kilometers north of Utuado, 
Mar. 8, 

S. vorians (Hass.) Kuetzing 

In pool by nver, about 5 kilometers north of Utuado, Mar. 8. 

S. webeii Kuetzing 

In stream about 5 kilometers ea.st of Coamo, Jan. 8. 

Mesolaeniaceae 

Oonatozygon monotaenium DeBary 

In water reservoir west of Experiment Station, Rio Piedras, Jan. 2. 

Desmidiaceae 

Arthrodetmua subulatUB f. americana (Turn.) W. & G. S, West {A . incus var. amfricavus Turn.) 

Lagerheim (1887). Collected at Fajardo. 

Cioaterium dianae Ehr. 

I.,agerheim (J887) Collected at Fajardo. 

C. ehrenborfii Menegh. 

On water plants in brook near Rio Piedras, 'D&i. 27, 

C. lanceolattim Kuetz. 

In Coamo River near Coamo Springs, Jan. 11. 

C. leibieinii Kuetz. 

Lagerheim (1887). Collected at Fajardo. 

In water reservoir west of Experiment Station, Rio Piedras, Jan. 2; on water plants in Turabo 
River, Caguas, Jan. 17. 

C, monillferum (Bory) Ehr. 

On water plants m brook near Rio Piedras, Dec. 27; by water reservoir west of Experiment 
Station, Rio Piedras, Dec. 31, Jan. 2; on water plants by bridge, Capias, Jan. 16; in river, Caguas, 
Jan. 16; in brook on way to San Lorenzo, Jan. 18; in brook west otHumacno, Jnn 21, 22. 
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C. ptnadom Naeg. 

In a pool near Santurce, Dec. 25; on water plants in brook near Rio Piadras, Dec. 27* 28; 

on water plants in river, Caguas, Jan. 16. 

G* roetr a t u m Ehr. 

In brook on way to San Lorenzo, Jan. 18. 

C. tomidtim Johnson 

In pool near park, Santurce, Dec. 25. 

C. torgidnm var. figuitetim Nordst. 

L^erheim (lw7). Collected at Caguas. 

Coimarium arctoum var. tatricum Racib. 

Lagerheiin (1887). Collected at Fajardo. 

C. bianritiiin Nordst. 

Lageriieim (1887). Collected at Fajardo. 

C. biniae Nordst. 

Lagerheim (1887). Collected at Fajardo. 

C. clrculare Reinsck 

On water plants in brook and near reservoir near Rio Piedras, Dec. 27, 31; in brook west of 
Humacao, Jan. 21. 

C. circulare f. minor W. 8c G. S. West 

On water plants near reservoir west of Experiment Station, Rio Piedras, Dec. 31. 

C. contractum Kirch. 

In Turabo River, Caguas, Jan. 17. 

C. cucttmls (Corda) Ralfs (Pleuroiaenu^psis cucumis Lagerheim) 

Lagerheim (1887). Collected at Fajardo. 

C. granatum Breb. 

Lagerheim (1887). Collected at Caguas. 

In brook and water reservoir near Experiment Station, Rio Piedras, Dec. 27, 28, 31, Jan. 2; in 
stream about 6 kilometers east of Coamo, Jan. 8; on water plants by bridge, Caguas, Jan. 16; on 
water plants in Turabo River, Caguas, Jan. 17; in brook on way to San Lorenzo, Jen. 18. 

C. hui^e var. gubstriatum (Nordst.) Schmidle 

On water plants in Turabo River, (Caguas, Jan. 17. 

C. laeve Rab. 

In stream 5 kilometers east of Coamo, Jan. 8. 

C. lundellii var. eUlpticum West 

In stream about 5 kilometers east of Coamo, Jan. 8. 

C. margaritatum (Lund.) Roy and Biss. (C. latum var. margaritatum Lund.) 

Lagerheim (1887). Collected at Fajardo and Caguas. 

C. menegbini Breb. 

In pool near park, Santurce, Dec. 25. 

C. menegbini f. li^uscula Jacobs 

Lagerheim (1887). Collected at Caguas. 

C. moniliforme (Tuip.) Ralfs 

Lagerheim (1887). Collected at Fajardo and Caguas. 

C. moniliforme f. punctata Lagerhrim 

Lagerheim (1887). Collected at Fajardo. 

C. obhuatum Schmidle 

In stream about 5 kilometers east of Coamo, Jan. 8. 

C. phaaeoltts Br^. 

Lagerheim (1887). Collected at Fajardo. 

C. pokoroyanum (Grun.) W. & G. S. West (Euastrum angustalum Wittr.) 

Lagerheim (1887). Collected at Fajardo. 

C. portianum Arch, 

On water plants in Turabo River, Caguas, Jan. 17. 

C. pseudoconnatum Nordst. (Pleurotaeniopsis pseudo^onnatus (Nordst.) Lag.) 

Lagerheim llS87)* Collected at Fajardo. 

On water plants in Turabo River, CSaguas, Jan. 17. 

C. paeudoexiguum Radb. {Pleurotaemopsis pseudoexlgua (Radb.) Lag.) 

Lagerheim (1887). Collected at Fajardo. 

C. pMUdonltadulsm Nordst. 

In a stream about 5 kilometers east of Coamo, Jan. 6. 

C. pimetolatum Breb. 

On water plants in Turabo River, C^uas, Jan. 17. 
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C. imeirii Rfiinfich 

Cagerbdtn (1887). Collected at Fajardo. 

C. •uboostatam Nordst. 

Near reservoir west of Esmerimait Station, Rio Piedras, Dec. 31; in stream about 5 
kilometers east of Coamo, Jan. o; in Corao River about 5 kilometers south of Coamo Springs, 

J an. 10; in Coamo River near Ck>amo Springs, Jan. 11; on water plants in brook west of Humacao, 
an. 21; in stream west of Humacao, Jan. 22, 

C* sobtuittidiim Nord^. 

Lagerheiin (1887). Collected at F^ardo. 

Dn water plants in Turabo River, C^Eiguas, Jan. 17. 

C. tiacttttn Ralfs 

Lagerheim (1887). Collected at Fajardo. 

C* sjnnRiiuinidciim Taft 

West of Experiment Station, Rio Piedras, Dec. 31; in river, Caguas, Jan. 10; on water plants 
in Turabo River, C^aguas, Jan. 17; in brook on way to San Lorenxo, Jan. 18. 

Detmidhun swarteii var. quadraiur^tttm (Ralfs) Roy 
In pool near park, Santurce, Dec. 25, Feb. 3. 

Buaatnutt attenuatam WoUe 

Lagerheim (1887). Collected at Fajardo. 

£. bidentatum Na^. 

Cn water plants in Turabo River, Caguas, Jan. 17* 

B, denticulatum (Kirch.) Gay 

Lagerheiin (1887). Collected at Fajardo. 

B. dlvaricatum Lund. 

Lagerheim (1887). Collected at Fajardo. 

B« elegant (Breb.) Kuetz. 

Lagerheim (1887). Collected at Fajardo. 

B. gemmatusn Breb. 

Lagerheim (1887). Collected at Fajardo. 

B. aibiriciiin Boldt. 

Lagerheim (1887). Collected at Fajardo. 

B. subinten^ Nordst. 

Lagerheim (1887). Collected at Fajardo, 

E. sublolMitum Breb. {Cosmarium sublobatum (Breb.) Arch.)' 

Lagerheim (1887), Collected at Fajardo. 

Micrasterias sol (Bhr.) Kuetz. 

On water plants in Turabo River, Caguas, Jan. 17. 

Onychonema laeve var, latum W. & G. S. West 

In stream about 5 kilometers east of Coamo, Jan. 8. 

O. laeve var. micracanttiuiii Nordst. 

Lagerheim (1887). Collected at F^ardo. 

On water plants in Turabo River, Caguas, Jan. 17. 

Peaium margaktaeautn (Ehr.) Breb. 

In stream west of Humacao, Jan. 22. 

Flettfotaanhim coronatom (Bi^.) Rab. 

In pool near park, Santurce, Dec. 25. 

P. indkiuin (Grun.) Lund. (P. iudicum var. crassius Lagerheim) 

Lagefh^ (1887), Cdlected at Fajardo. 

K maximum (Reinsch) Lund. 

In pool near park, S^turcCr 3^ec, 25; on water plants in Turabo River, Caguas, Jan. 17, 

P. trabeedla (Ehr.) Naeg. 

On water plants in Tdrabo River, Caguas, Jan. 17; in brook west of Humacao, Jan. 21. 
Sphaemoama nmnlatluii Roy & Biss. (S, 4xcavatum f. Jwianiea Nordst.) 

Lagerheim (1887). CoEectod at Fajardo. 

On water plants in Turabo River, Caguas, Jan. 17 
Staaraffemm badttare Breb. 

Lagerheim (1887). CoUeeted at Fajardo. 

84 denttetilataai (Naes.) Arch. 

On vmtef plants in Turabo River, Caguas, Jan. 17. ^ 

8. dkkioi var. dredtare Turn. 

On water i^ts in Turabo River, Caguas, Jan. 17. 
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S. polymorphuxn Breb. 

iJagerheini (1887). Collected at Fajardo* 

S. rotula Nordst. 

Lagerheim (1887). Collected at Fajardo. 

S. trifiduin var, ^brum Lagerheim 

Lagerheim (1887). Collected at Fajardo. 
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rntreduction to Biophysics 

Under this title the author has brought together a discussion of a number of imfiortaiit 
topics m biophysics. As the chapter headings indicate, the viewpoint is definitely slanted towards 
medicine and human physiology: I. Biophysically Active X-Rays. II. Applied Radioactivity. 
11. Biophysical Characteristics of the Eye, IV. Emission and Absorption of Biophysically 
Active Light. V. The Structure and l^perties of Surfaces and Membranes. VI, The 
Biophysical Problem of Nerve Conduction, VII. Auditory Biophysics, VIIL The Com¬ 
pound Microscope; The Electron Microscope. The reader whose primary interest is in plant 
physiology, other than human, physiology, or bacteriology will turn from a reading of the tx>ok 
with an unsatisfied feeling, as only few applications to such branches of biology are mentioned. 
Within his chosen topical limits, however, the author has managed to present the current state 
of knowledge in this borderline domain of science with admirable concision. The section on the 
compound microscxipe should be required reading for all biologists. Perhaps the most sur¬ 
prising omission is the complete absence of any consideration of radiant energy irom the quantum 
viewpoint. There are general author and subject indices, and a working bibliography at the end 
of each chapter.—5. Miyer. 

An Introduction to BiophysicB, by CXto Stuhlman, Jr. 375 pp. John Wiley 8c Sons, New 
York* 1943. |4i09. 


Medical and Zoological Microteohnic 

The encyclopedic method of presenting the subject has been adopted by the author, How¬ 
ever, the book is not large, such as the German Encyclopedias of Ehrlich and Krause. The 
author has select^ what he considers the more important technics from a voluminous literature, 
and presented it in a very concise form. In many instances it was not possible to include all 
details which might be desired. To overcome this disadvantage refereiiK^es ore given in their 
appropriate places and not collecte^l in a large bibliography. It will serve as a quick* easy refer¬ 
ence book on a host of technics used in the study of animal tissues.--^. W. B, 

. Technique in Blolon and Medicbe, by E. V. Cowdry. 206 pp. The Williams 

and Wilkins Company, Baltimore* Md., 1943. 84.00. 
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LATE MENOPAUSE AND CANCER OF THE BREAST 

FRITZ BLANK. M.D.> 

Bureau of Hunuui Heredity, London, England, and the Department 
of Zoology and Entomology, The Ohio State Univeraity 

Several observers have suggested that a positive relationship may exist between 
the occurrence of menopause at an advanced age and the development of cancer 
in the tissues of the female reproductive organs. Thus Crossen and Hobbs (1) 
state that *'the incidence of late menopause in cases of adenocarcinoma of the 
fundus uteri is about four times as high as it is in normal cases/' while Olch (2) 
finds a similar relationship between a delayed menopausal age and cancer of the 
breast. Among his cases of 342 women suffering from breast cancer, and first 
coming to medical attention after the age of fifty, Olch's records showed that 187, 
or 54.7 per cent, were cither still menstruating or had stopped after fifty. In 
01ch‘s opinion this was about five times the proportion to be expected, accepting 
as '‘normal” the figures cited in literature on the age at menopause among women 
in temperate climates, which in various series appears to be fifty years or more in 
only nine to twelve per cent, or an average of eleven per cent of all the cases. 

Many experiments with animals have established the fact of hormonal 
(estrogen) action in the production of mammary turtiors and certain tumors of the 
tK)dy of the uterus. (3) (4) Thus it is quite conceivable that the prolongtKl hor¬ 
monal stimulation incident to delayed menopause may be related to the develop¬ 
ment of malignancies in genital tissues. However, the question whether a delayed 
menopause actually coincides with an increascKl incidence of caiK'er of the breast 
and the corpus uteri is not only of theoretical interest in the study of tumor genesis, 
but is of great practical importance. For at least in connecticMi with breast cancer 
it has already been recommended that “a prophylactic artificial menopause should 
be proposed to those women menstruating beyond any arbitrary age that wc may 
choose, forty-eight or fifty, whether or not those womc^n have palpable breast 
changes.” (2) 

The next question is whether the evidenc‘e for a dirfcl relationship between 
late menopause and the development of malignancies in breast or uterus is sta¬ 
tistically so conclusive that such a proi^edurc is warranted CrosscMi and Hobbs 
(1) ^have rightly warned against “certain pitfalls in gathering statistics on nonnal 
menopause which have not been taken into ciccount in the compilation of statistics 
in the present day literature.” One such pitfall lies in the use of antiiiuatcd data 
to arrive at a so-called “normal” menopausal age. For it is the impression of 
many experienced physicians and statisticians that during the last few decades the 
menstrual cycle has changed its range considerably in many countries, so that 
figures gathered fifty or seventy years ago cannot be accepted as a basis for judging 
conditions today. 

But from still another viewpoint the conclusion drawn from Olch’s material 
does not seem to be quite valid, at least as to specific estrogenic action on cancer of 

*Dr. Blank's present address is 6 E. 76th St., New York. 

53 







62 


FRITZ BLANK 


Vol XLIV 


the breast, in the absence of comparative data on the incidence of cancer of other 
sites collected from a similar population. The writer has therefore attempted to 
secure further evidence on this problem by comparing the conditions found in a 
series of cases of breast cancer with those in a series of cases of cancer in tissues 
not usually assumed to be under ovarian influence, such as the skin, the lips, the 
tongue, and the gastrointestinal tract The investigation was confined to mam¬ 
mary cancer because of the comparatively rare incidence of carcinoma of the body 
of the uterus. Further it appeared desirable to compare the distribution of 
menopausal age among cancer patients with that among women in a general 
hospital, suffering from various non-cancerous conditions, whether under surgical 
or general medical care. 

The three series of cases were drawn from medical records in the Columbus 
Cancer Clinic, and the Ohio State University Hospital, and may be presumed to be 
largely homogeneous, from the environmental ix}int of view. The author is 
deeply indebted to the officers of these two institutions for their courtesy and 
co-operation in this investigation as well as to Dr. Earl L, Green, of the Ohio State 
University, for his statistical advice. 

METHOD AND PROCEDURE 

In drawing the cases from the files of clinic and hospital, the common principle 
of selection was that the patient should have been admitted when at least fifty; 
that information was available as to the age at menopause (i. e,, the final cessation 
of the menstrual flow); and that there was no history of previous pelvic operation. 
Otherwise these were random samples compiled from the records of 1921-1941. 

TABLE I 

Age at Menopause Reported bv Three Groups ok Patients with (I) Cancer ok Breast, 
(II) Cancer of Non-Genital Tissues, and (III) Conditions Other Than Cancer. 

(Columbus, Ohio, 1941 ) 


1 

Rehoktko Auk at Menopause 

Sample 1 

Breast Cancer 

Sample II 

Non-genital 

Cancer 

Sample III 

Other than 
Cancer 

No. 

% 

No. 

% 

No. 

% 

Under 40 . 

3 

2 0 

4 

2.4 

3 

6.0 

40-44 ... . . .. 

21 

14.3 

28 

17 2 

7 

12.0 

45-49 . 

39 

26 6 

66 

34 4 

21 

36.0 

60 and over 

84 

67.1 

76 

46 0 

29 

48.0 

Total. 

147 

100 0 

163 

100 0 

60 

100 0 


The two series from the Cancer Clinic included, in Sample I, 147 cases of 
cancer of the breast; and in Sample II, 163 cases of cancer of other sites, mainly 
‘^extemar* and all strictly non-genital and non-mammaty. Sample II was made 
up of 128 cases of cancer of the skin, lip, and oral cavity, together with 35 cases of 
cancer of the gastrointestinal tract and accessory bodies such as the gall-bladder. 

The age at menopause for the two groups of women is shown in Table L From 
this it will be seen that the proportion of women reaching the menopause when 
younger than forty is about the same for the two groups, although it is a fraction 
larger in the group with non-genital cancer; while the proportion reaching the meno¬ 
pause between forty and forty-four^ is three points higher in the non-genital group; 
and between forty-five and forty-nine the non-geriital group is eight points higher. 
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But the group with breast cancer reix)rted menopause at fifty or over in 57 per cent 
of the cases, as compared with 46 per cent among the non-gonital cancer group. 

The figure of 57 per cent in our series of cases with breast cancer compart 
well with the 55 per cent cited by Olch in his scries of 342 cases; and the apparently 
high coincidence of late menopause with cancer of the breast secerned to confirm his 
conclusion of a causative relationship. But later (Titical examination makes it 
appear that these figures can be accepted as establishing prolonged estrogenic 
action as a causative agent in the development of mammary cancer only if the 
distribution of menopausal age can be shown to be strikingly different among cases 
of cancer of tissues which are not usually assumed to be influenced by estrogenic 
action However, as shown in Table I, among the 103 women suffering from cancer 
of the skin, lip, oral cavity or gjistrointestinal tract, 75, or 46 per ct^nt, likewise 
reached the menopause after fifty Tf the 35 (‘ascs of gastrointestinal cancer are 
excluded, the others with purely “ external ” cancer show 47 ])er cent menstruating 
after fifty But this is a figure at least four times as high as would be expected if 
we assume with Olch that only alx^ut eleven per c‘cnt of women are nonnally in 
this group. 

Two explanations for this surprising fact suggest themselves First, if the 
figure of eleven per cont-^r about one in nine—is considered as a normal incidence 
of late menopauses, the inference is that cancer of other tissues beside the genital 
are likewise related to a prolongation of estrogenic activity Such a possibility 
cannot be disregarded in the light of discoveries in animal experimentation 
Loeb (3) has pointed out that in animals, carcinogenic action of the estrogens is 
not necessarily specific for the development of mammary canc'er; and he and other 
observers have found sarcoma developed after prolongfid estrogenic treatment, 
sometimes in regions remote from the site of the injections Lacassagnc' (7, 8) 
e. g., has found sarcomas in the bladder and in the thymus after prolonged estrogen 
treatment. (See references for the more important of these findings by Leo l>oeb 
(3h C. F. Cori (5); W. U. Gardner, G. M Smith, L. C Strong and E. Allen (0); 
A. Lacassagne (7) (8); and E. L. Burns, V. Suntzeff, and L. Loeb (9) ) 

It is possible therefore that prolonged estrogenic action might have been 
effective in the production of a high incidence of cancer of various non-genital 
tissues in our scries of women 

However, another explanation is possible, and that is that the percentage of 
women who ‘‘normally” reach the menopause when fifty or older, is greater than 
might be assumed from figures cited in the earlier literature, so that the women 
with cancer of various tissues who also reach the menopause at an advanced age 
simply represent the common condition. If there is on the contrary a positive 
correlation between late menopausal age and cancer of the breast and other tissues, 
one is bound to find statistically significant differences in the distribution of this 
age among cancerous and non-canccrous cases in the same population at the 
same peri^. 

To follow this lead, a third series of cases was gathered, this time from the 
Ohio State University Hospital, and makes up Sample III, a group of women suf¬ 
fering from various surgical and general conditions, all definitely non-canc*erous, 
such as fractures, gastric ulcers, cholecystitis, arthritis, and metabolic disturb¬ 
ances. All cases with previous pelvic operations were excluded; and all in which 
there was evidence of some pelvic or endocrine condition which might have influ¬ 
enced the onset of menopause; and of course cases with a history indicating possible 
malignancy at any time were ruled out. Since the age at menopause is not 
recorded routinely in a general hospital, the range of choice was further limited 
Finally after the examination of many hundreds of records, sixty cases were found 
which met all the specifications. To possible criticisms of the small size of this 
sample the answer is offered that a relatively few cases gathered as nearly as can be 
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under identical conditions offers a better basis for stfitistic'al comparison than a 
large number collected from a wide variety of sources in the literature of different 
countries and times, and representing completely disparate environmental 
conditions. 

Subdivided according to the age at menopause, Sample III also appears in 
Table I. Comparing tWs distribution with that in Sample II, the non-genital 
cancer cases, one is struck by their close similarity in the groups reaching menopause 
at forty-five or forty-nine and after fifty. 

By comparing the three samples it is clear that the breast cancer cases do not 
differ markedly from the other groups, although there is a lower incidence of 
menopause at ages younger than fifty and a considerably higher incidence of 
menopause at fifty or more. But, as the table clearly shows, these differences in 
the incidence of a late menopause in the cases of breavSt cancer and in the series of 
non-genital cancer and non-cancerous cases are not great enough to warrant con¬ 
clusions as to a causative relationship between delayed menopausal age and cancer 
of the breast. 

, When a statistical (‘omparison is made of the two percentages of women with 
menopause after 50, with and without breast cancer, it is found that the difference 
(11.1 »57-l—46.0) is almost exactly 1.96 times its own standard error, and there¬ 
fore has a 5 in lOt) chance of being due to sampling fluctuation alone. Statistically 
therefore it cannot be interpreted either definitely in the positive or definitely in 
the negative. In any case, the conclusions which can be drawn from the figures 
given do not sufficiently support the above mentioned statements as to a true 
association between a late menopausal age and cancer of the breast. 

For this reason it would appear that the proposal to mduce an artificial meno¬ 
pause in cases with a delayed menopause in order to prevent mammary cancer has 
not as yet on a secure statistical basis, 

GENERAL DISCUSSION 

From a practical point of view the conclusions which may be drawn from our 
data are unsatisfactory, since they demonstrate only the fart that we are far from 
an answer to the question of the relation between late menopausal age and cancer 
of the breast. The author’s findings m this investigation are in complete agree¬ 
ment with those arrived at by E. K. Dawson (10) who in his paper, "'The Meno¬ 
pausal Age and Mamma^ Cancer^’ was able to say onl^ that ‘'the figures repre¬ 
senting the age distribution of the menopause and the incidence of cancer of the 
breast are not inconsistent with the hypothesis, suggested by other considerations, 
that a correlation exists.” 

In fact, one may admit that the hypothesis of such a correlation suggests itself 
also from the author’s present data, with the high coincidence of breast cancer and 
late menopausal age, 57 per cent as compared with 46 or 48 per cent in the non¬ 
genital cancerous and the non-cancerous groups, even if the difference reaches only 
the borderline of statistical significance. But much more work must be done 
before one can arrive at a safe basis for judgment. 

One of the main hindrances to the solution of the problem is ignorance of the 
actual facts with regard to the normal age distribution at menopause. Existing 
statistics are for the most part antiquated, as for example the frequently citrf 
figures of Kisch which were published in 1874 (11). those of Currier (12) (1897) 
and of Krieger (13) (1860); or when later figures are used, they may be ^awn from 
scattered or inadequate sources; and insufficient account is taken of the completdy 
different environmental conditions existing among the wornen in the various groups 
which may be under consideration, so that the figures may not be truly comparable 
for statistical puiqx)ses. 
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Other pitfalls are inherent in the method of collection and evaluation of the 
desired data. For example, the writer collected his age data by single years, but 
for this particular investigation presented them in the same classification as Olch, 
by five-year groups—40-44, 45-49, 50 and over—so that the results might be 
compart. This arrangement however is not satisfactory for statistical purposes, 
because of the peaks naturally occurring at the years forty:, forty-five and fifty. 
For women are inclined to give the age at menopause in round figures, especially if 
several years have passed. The characteristic peak at the fiftieth year is shown 
very clearly in Dawson's tables (11), In his series of 244 normal'' surgical 
oases, the figures go follows: 


then jump to 
and fall again to 


46 cases at 47 years 
24 « “ 48 ** 

24 " 48 “ 

23 '' 49 

52 cases at 50 years 

10 cases at 51 years 
10 " " 52 " 

8 “ " 53 " and so on. 


The author has found the same inexact memory about the age at menopause in 
many cases under observation; these artificial peaks at the five year or ten year 
intervals are familiar to all students of population statistics, making a major source 
of error in interpretation. But this fact is bound to have an especially imp<^rlant 
bearing on our problem, sinc’e it is precisely the year fifty which is considered the 
point marking a delayed or non-delayed menopause Therefore, it is evident that 
the (conclusions to be drawn from such investigations may depend more or less upon 
the way in which the year **fifty” is dealt with, i e., whether the age groups are 
subdivided, e. g , in those from 40 to 44, 45 to 49, 50"and over; or whether the same 
material is suMivided into the groups 41 to 45, 40 to 50, 51 and over, as some 
authors prefer Only the most carefully collected material, by single years, 
checked and verified wherever possible by clinical inquiry, can serve our need for 
exact data with regard to the relation between delayed menopause and cancer. 

Aside from purely statistical (considerations it seems highly desirable to elucidate 
the whole biological question of the possible role of prolonged estrogenic activity in 
the development of cancer in the female genital tissues This requires the con¬ 
sideration of the length of the entire menstrual cycle, so that the age at onset of 
menstruation should be registered as well as the age at its cessation. 

It is a striking and apparently well-established fact that, at least in our tem¬ 
perate climate, menopause at a late age usually cx^curs in women who started to 
menstruate at an early age; the reverse condition also being true, that the later 
thfe onset the earlier the ceSvSation, as described by E. Novak (14) (15). Individual 
women will therefore differ considerably in their experience of estrogenic activity, 
andit may be assumed that these differencjes in the length of the menstrual cycle 
have an important bearing on our problem. Thus a woman starting to menstruate 
at the age of twelve iind stopping at fifty-four, with a consequent cycle of forty- 
two years, may naturally show a quite different biological reaction of the tissues to 
estrogenic activity from that of the woman starting at sixteen and ending at forty- 
eight or earlier, with a cycle of estrogenic acl^ivity of thirty-two years or less. 

' ‘ Hereditary factors enter into the question of the differences in the range of the 
menstruid wle. a phase which has been of interest to the writer .for a number of 
years. E. Petri (16), by means of careful investigation into the records of identical 
and non-identical twins and of sisters in large families, has already accumulated 
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much evidence for the determination by genetical factors of at least the onset of 
tJae cycle. It is still an open question as to how much hereditary factors, in 
inter-action with environmental factors, are operative in the varying ranges of the 
menstrual cycle. 

A far more extensive body of material is needed on the actual experience of 
women with regard to the menstrual cycle than has yet been available and an 
investigation is now under way which may lead to some understanding of the fact 
that “breast cancer runs in certain families/' 
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Gustatory Experimentatioti 

It is a case of circumstance where professors who appreciate the amenities also learn to face 
somewhat ngorous temporary conditions at field stations. Two such, Professor Fernald of 
Harvard and Professor Kiasey of Indiana University, have met the tests at both extremes and 
put tlieir talents together to produce a book on edible wild plants that is a gem of its type. Since 
it is in part a botanical manual and in part a cook book With recipes, the merit of the book lines 
in its quality rather than in its novelty. The statement that a lack of knowledge of calorics 
at the lune the manuscript was begun caught this reviewer’s eye, and a letter to Professor Kinsey 
brought the prompt and courteous reply that the work was b^un twenty-five years ago. “Both 
Professor Fernald and I," the letter goes on to say, “have done a great deal of camping and had 
Icarntyl independently something of the use of our wUd plants," And it should be added that the 
experiences of a quarter of a century of camping and trying out new foods make even seed 
catalogs tame in comparison. The reader is .shown identifying traits 6f poisonous plants. There 
arc line drawings, references to a wide range of literature and a general atmosphere of entliusiasm 
that mrdics good reading.— A. £. Waller, 

Edible Wild Plants of Eastern North America, by Merritt Lyndon Pemald and Alfred C. 
Kinsey- 452 pp., line drawings, photographs, bibliography, index, Idlewild Press, Comwell- 
on-Hudson, N. Y., 1943. $3.00. 
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CirclevillCj Ohio 

Ail species in this report, unless noted otherwise, were taken by Dr. D. M. 
DeLong, Dr. C. C. Plummer, Mr. Gene Good, and the writer the full of 1941. 
Deposition of type material is in the writer^s collection. 

Livia maxicaiiA n. sp. 

(Fig. 1) 

Length to tip of forewing 3.1 mm., forcwing 2.3 mm. 

General color orange-brown over all, entire venter and tips of antennae black. 

Vertex one and a half times as long as broad, not deeply notched cephalad; eyes flattened. 
Forewings twice as long as broad, ovate, rugose, translucent. Forceps of male almost as long 
as proctiger, caudal margins evenly lunate, apices diagonally truncate, cephalic margins suddenly 
expanded basjilly at midlength. 

This species somewhat resembles vernahs Fitch but is smaller with a more shallow notched 
vertex and distinct genitalia. 

Male holotype near Orixaba, near Vera Crux, October 17, 1941, from sedge and grass in an 
oak-pine association. 

Aphalara simila Cald. 

Two specimens from Uruapan, Michoacan, October 1, 1941, from roadside weeds. 

Heteropaylla texana Crawford 

A few specimens from Tehuacan, Puebla, October 17,1941, and very common at Tehuantepec, 
Oaxaca, Octobei 13, 1941, on “Huasachc.” 

Heteropeylla mexicana Crawford 

Specimens taken from semi-desert vegetation between Jacala and Zimapan, Hidalgo, and 
near Zamora, Michoacan. 

HeteropayUa forclpata Crawford 
(Pigs. 2 and 2A) 

One male specimen retx>gnized from Tehuantepec, Oaxaca, October 13, 1941, taken along 
with many specimens of mexicana Crawf. The genitalia of this specimen is not exactly as 
Crawford* has illustrated, but it is structurally the same, the difference in appearance probably 
being d^«i to treatment with caustic. 

HeteropsyUa huasaebae Cald. 

This species was very abundant at Tehuantepec, Oaxaca, on "Huasache.’' Dr. Plummer also 
took this species at PopayaV in Guatemala, March 9^ 1942. 

Heteropaylla didubiata n. sp. 

(Fig. 3) 

Length to tip of forewing 2.6 mm*, forewing 2.2! mm. 

General color light yellow green over all* 

Head as broad as thorax; genae greatly swollen; clypeus very prominent'. Thorax strongly 

*1914. Crawford, D. L. U. S. N. M, Bull. 86. pi. 8. figs* 118-118, 
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arched, robust* Forewings almost two and a half times as long as broad; pterostigma very 
broad and long. Female genital segment as long as rest of abdomen; dorsal valve abruptly 
Btyliform in apical half; ventral valve almost as bng as dorsal, acute apxcolly. 

Female holotype and paratype from Tamasunchale, San Luis Potosi, November 15, ld88 
(CaldweU).* 

This may be the female of fordpata Crawford but the writer believes not because this species 
is much larger than the specimens of ntexicana or fordpata and the color is definitely green and 
not brown or black as in those species; furthermore this species was taken while sweeping lush 
tropical vegetation while the former mentioned spes'ies were found on plants in a semi-desert 
habitat. 


Carsidani dugeaii Loew 

One female from Carapan, Michoacan* October 2, 1941, Km, 432, and numerous specimens 
of both sexes fn^tn Popaya in Guatemala, Km. 99, March 9, 1942, by Dr. Plummer. 

Rhinopaylla nigra Laing 
(Fig. 17) 

1923. Rhinopsylla nigra Laing, Ann. & Mag. Nat. Hist, (9) 11: 697. 

This collection contains thirty specimens from Tuxpan, Carapan, Uraupan, and Zitacurao, 
Michiocon, Orizaba, Veracruz, and Puebla, Puebla. The female exhibits the sexual dimorphism 
typical of the Rhinopsylla. Though the ground color is black, the vertex, pronotum, and 
praescutum are pink to light tan and the scutum has four light stripes. The female is a good deal 
larger than the male, measuring 3.4 mm. to tip of forewing, with a forewing of 2.9 mm. The 
ventral valve of the genital'segment is scarcely shaped, appearing just like a last ventral segment. 

Holotype female from Orizaba, Veracruz, October 5, 1941, paratypes from the above men¬ 
tioned localities. This species is closely related to rubrafada Caldwell. (Fig. 18.) 

n941. Caldwell, J. S., Ohio Jr. Sci. 41: 420. (Under H. fordpata,) 


EXPLANATION OF PLATE I 

1, Livia mexicana. Profile of male genitalia. 

2. Heteropsyllafordpata Crawf. Profile of male genitalia. 

2. A, Caudal view of male forceps. 

3. Heteropsylla didubiata. Profile of female genitalia. 

4. Paratriosa plummeri. Profile of female genitalia. 

5. 7'rtosa rugosata. Profile of male genitalia. 

6. Trioza stroma. Profile of male genitalia. 

6 A. Caudal view of male forceps. 

6 B Profile of female genitalia. 

7. Trioza zogoda. Profile of female genitalia. 

8. Trioza apartata. Profile of female genitalia. 

8 A. Profile of male genitalia. 

9. Trioza kidalgaensis^ Profile of female genitalia. 

10 . Trioza epipHitata. Circum-anal ring of immature. 

10 A* Forewing of adult. 

11 . Trioza albanigra. Profile <rf male genitalia. 

11 A. Caudal view of male forex^. 

12. Trioza rugosata. Profile of mmale genitalia. 

13. Arytaina virgina. Profile of female geaitaHa. 

14. Mitrapsylla deserata. Profile of female genitalia. 

14 A* Profile of male genitalia. 

14 B. Abdominal ap^ of immature. 

16. Caradoda ddonH. Profile of female genitalia. 

16 A. Profile of genitalia. 

16. Psylla minutiforma. Profile of male genitalia. 

17. Rhmopsylla nigra Lain^ Sclerite formation on ventral side of female abdomen. 

16. Rhinopsylla rwrf^ada Uald. Sclerite formation on ventral side of female abdomen. 
19. Paratriosa simila. Profile of male proctiger. 

19 A. Circiun-anal ring of female. 
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Pantrlosa piummtri n, sp. 

(Pig. 4) 

Length to tip of forewing 8.5 nun., forewing 3.1 mm. 

General color light brown with legs and venter of abdomen yellow. 

Vertex twice as broad as long, foveal impressions elongate, deep. Genae swollen sub- 
spherically; antennae over one and a half times as long as width of head; clypeus small. Pro^ 
notum small, greatly depressed; praescutum as broad as long. Vertex and thorax finely pubescent. 
Forewings over three times as long as broad, acute apically; humeral angles darkened; radial 
sector very long. Hind tibiae with apical spur ratio of 2-1. Female genital segment os long as 
rest of abdomen, both valves gradually acute apically. 

Female holotype and paratype from Tehuacan, Puebla, October 17, 1941. 

The writer names this species in honor of Dr. Charles C. Plummer. 

Paratrioza simila n. sp. 

(Figs. 19 and 19A) 

Length, male 3.4 mm., female 3.8 mm.; forewing, male 2.8 mni., female 3. mm. 

Color and markings of male identical to cockereUi Sulc except concentric macula in center of 
vertex is much more prominent and the thorax is possibly less black with more red background. 
Female predominently red-orange witli a black spot in either half of the vertex and a few black 
dashes laterally on either side of the notum. Both sexes liave the abdomen black above and the 
forewings yellowish. 

Vertex not especially emarginate. Genal cones short, blunt, divergent. Clypeus large. 
Antennae one and a half times as long as width of head. Pronotum greatly depressed. Fore¬ 
wings three limes as long as broad, acute apically. Proctiger of male with very long, slender, 
lateral flaps, much longer than in cockcrelli, Forcef)S long, slender, siculatc aptcallv Dorvul 
valve of female genital segment short, blunt; anal opening shape of an "hourgla.ss.” Ventral 
valve one-third as long as dorsal, not acute apically. 

Male holotype, female allotype, and paratypes of both sexes from San Cristabol in 
Guatemala, March 30, 1943 (Plummer). Two male and two female paratypes from Carapan, 
Michoacan, October 4, 1941, and two male and one female parat 3 rpes from Rio Frio, Puebla, 
October 7, 1941. 

Where this species and cockereUi Sulc. occur together simila may be easily refx>gnized by its 
larger size. 

Paratrioza cockereUi Sulc. 

Taken us far south as Km. 55, Rio Frio, Puebla, October 7, 1941, The Rio Frio specimen 
was taken from fir and pine at an elevation of about 10, (XX) ft. along with specimens of simila, 

Trioza rugosata n. sp. 

(Figs. .5 and 12) 

Length to tip of forewing, male 2.9 mm., female 3.4 mm.; forewing, male 2.5 mm., female 
2.6 mni. 

General color dark brown; genal cones, antennae, and legs light brown. 

Vertex about one and a half times as broad as long, swollen on either side of median line. 
Genal cones as long as vertex, slender, acute. Antennae scarcely longer than width of head. 
Vertex and thorax finely and evenly pitted. Forewings over twice ns long as broad, not acute. 
Motaooxae with caudal spurs. Hind tibiae with apical spur ratio of 3-1. Forceps of male with 
dcc'ttly biled apices projecting cephalad. Female genital segment shorter than rest of abdomen; 
both valves abruptly stylate in caudal half. 

Male holotype from Zimiipan, Hidalgo, September 26, 1941; female allotype from Carapan, 
Mahoacan, October 2, 1941. 

Trioza fhorada Cald, 

One male of this unique humpbacked species from PudJla, Puebla, October 18* 1941, cm an 
unidentified roadside weed. 
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Trioza ttronui su sp, 

(Pigs. 6 and 6A) 

Length to tip of forewing, male 2.8 xxun.» female 3. mm.; forewing, male 2.4 mm., female 
2.6 mm. 

General color yellow with apical half of antennae and dorsum of thorax black; apical angles 
of forewings yellowish. 

Vertex only one^fourth broader than long. Genal cones as long as vertex, slender, acute. 
Antennae one and a half times as long as width of head. Head about as broad as thorax. Thorax 
short. Porewings almost three times as long as broad, rather broadly rounded; cubital and medial 
cells small. Hind tibiae with apical spur ratio of 3-1. Forceps of male short, stout, acute 
apically. Dorsal valve of female with extremely fine styliform apex for apical fourth. 

Female holotype, mole allotype, five male and five female paratypes from Cuernavaca, 
Morelos, Km. 67, October 21, 1941. 

This species resembles chlora Tuthill and nicaragu^nsis Crawford. 

Trioza zogoda n. sp. 

(Fig. 7) 

Length to tip of forewing 3. mm.; forewing 2.6 mm. 

General color brown with head and legs yellow. 

Vertex almost as long as broad, almost vertical. Genal cones three-fourths as long as vertex, 
acute, divergent. Head almost as broad as thorax. Thorax rather flat; pro thoracic dorsum 
suddenly depressed, vertical. Forewings rather broadly rounded. Hind tibiae with apical spur 
ratio of 3-1. Female genital segment with both valves appearing short, chubby; dorsal valve 
with needle-like apex. 

Female holotype from Orizaba-Puebla road, Km. 277, October 17, 1941. 

Trioza aportata n. sp. 

(Figs. 8 and 8A) 

Length to tip of forewing, male 4,2 mm„ female 6. ^mm,.; forewing, male 3.5 mm,, female 
4.1 mm, ‘ ^ 

General color brown; antennal joints, apical tarsi, abdomen, genital segment, and basal 
anglers of forewings blackish. 

Vertex one and a fourth times as broad as long; foveal impressions very deep, broad, making 
lateral and basal margins of vertex appear raised and ridged, Genal cones as long as vertex, 
appressed for full length. Antennae twice as long as width of head, Pronotum depressed almost 
verti('al; niesoscutuiu as long as broad, rather acute cei)halad. porewings almost three,times as 
long ua broad, broadly rounded apically. Metacoxae with caudal spurs, Hmd tibiae with a):)ical 
spur ratio of 3-1. Female genital segment os long as rest of abdomen, narrow, styliform for full 
length. Foreq^s of male stout, bearing short chubby spurs at apex. 

Female holotype and seven paratypes from Zimapan, Hidalgo, September 2fl, 1941, one 
paratype from Jacala, Hidalgo, September 26, 1941, and one from Orizaba, Veracruz ()< tober 17, 
1941; male allotype and four parat 3 rpes from Jxicala, and one from Zimapan, Hidalg.\ ScpteniLcr 
26, 1941. 

Trioza hidalgoenzis n. sp. 

(Fig. 9) 

Length to tip of for^jwing 3.6 mm,; forewing 2.8 mm. 

General color black with entire praescutum and a broad stripe on scutum red; margins and 
center of vertex orange, making a black U on the vertex. 

Vertex twice os broad as long. Eyes |>rominent, Genal cones thrctj-fourths as long as 
vertex, acute* Antennae one and a fourth times as tong as width of head. Head as broad as 
thorax. Forewings little over twice as long as broad, rounded apicallv. 

Metacoxae with caudal spurs. Hind tibiae with apical spur ra,tio of .'1-1. Female genital 
not quite as long as rest of abdomen; dorsal valve styliform, elevated in apical third. 

Holotype and paratype female from Zimapan, Hidalgo, September 26, 1941, on MveteZuma 
pine. This species is related to ihb frontalis Crawford ^up. 
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Trioza epipfaitataa n. sp. 

(Fig- 10 ) 

Length to tip of forewing 2,4 mm., forewing 2. mm. 

General color green-ydlow over all. 

Vertex almost twice as broad as long; foveae deep, broad. Genal cones as long as vertex, 
divergent. Antennae one and a half times as long as width of head. Forewings two and a half 
times as long as broad, acute apically; membrane somewhat rugose; cubitus separating from 
main stem a little before radius and medius. Metaooxae with very small caudal spurs. Hind 
tibiae with apk-al spur ratio of 3-1. Male forceps short, stout, ending apically in prominent 
spines. 

Male holotype near Morelia, Michoacan, Ck'tober 4, IWl, on an epiphite. This plant seemed 
to be scattered from the mountains just south of Monterrey, N. L., to Tamazunchale, S L. P., 
and west of Mexit o City from Morelia, Mich., to the state of Jalisco. 

Whereas the forewing of this species is strictly neither Triozinae nor Cerophyllinae, the 
seclasetae on the immature are elongate like those on the Triozinae, therefore this species is placed 
in Trioza. 

Trioza arizonae Aulmann 

Specimens were taken from Orizaba, Veracruz, and Zamora, Michiocan, on different species 
of willow. Dr. Tuthill has suggested to the writer that this species may be nothing more than a 
color variety of minuta Crawford. The immatures of this species and those of the dark form of 
miniita seem to differ only in size and segmentation of the antennae. One specimen collected by 
Dr. Plummer nt San Miguel in El Salvador, March 19, 1942, has very narrow and elongate 
cubital cell in the fore wing and may not be specific with the Mexican forms. 

Trioza maxicana Crawford 

Numerous specimens were taken at Mt. “El PopcKataptl,'’ September 28, 1941. at 11,500 
ft. elevation. This spines seems to be confined to the higher altitudes. 

Trioza albanigra n. sp 
(Pig. 11) 

Length to tip of forewing 3.1 mm., forewing 2.7 mm. 

Geneml color shining black except extremities of legs and segments III-IV-V of antennae 
white. 

Vertex with broad shallow foveae. Genal cones half as long as vertex, acute, divergent. 
Antennae Jess than twice as long as width of head. Praescutum acute ccphalad. Forewings 
almost two and a half times as long as broad, acute apically, yellowish. Hind tibiae with apical 
spur ratio pf 2-1. Forceps of male strongly curved cephalad, acute apically, with a blunt spur 
located at midlength on inner margin. 

Holotype male from Mt. “El Popoc.ataptl,’* September 28, 1941, 10,800 ft. Paratyi>e from 
Rio Frio, Puebla, October 22, 1941, 10.000 ft. 

Trioza albanigra var. aurodoraa n. var. 

Structurally similar to alhanigra albani^a. Gold to orange over all except for black eyee 
and two black lines on scutum. Females with dorsal valve almost as broad as long; anal opening 
shape of “hourglass." Ventral valve broader than long in ventral aspect, not acute apically. 

Male holotype, female allotype, and two paratypes from Rio Frio, Puebla, October 22, 1941, 
10,000 ft. 

Trioza koebelei Kirkaldy 

Galls formed by the immature stages of this species ware seen at Uruapan, Michoacan, and 
Cordoba, Veracruz. This species has been recoded from the State of Morelos by G. R. 
Valencia,* the State of Queretaro by D, S. Ibarra/ and the State of Tamatdipas by N* Stabler.* 

*1912. Valencia, Gabriel Ruiz. **Caltivo y Ebq>lotacion del Aguacate." Boletin numero 
71 de la Estacion Anicola Central,, pp. 50-51. fthree plates). 

*1929: Ibaire, David S. Aguacate’ Secretaria de Agr. y Pormento, 

*1941. Stabler, N. Calif. Dept. Agr. Bull. No. 2, 89:217. 
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PAchypflylU tro]>icala n. sp. 

Length to tip of forewing 3, mm., forewing 2.6 mm. 

General color black, vertex brownish. Forewing very*clear, glass-like; a broken subapical 
black band present; apex brokenly maculate; pterostigma a black spot; black spot present on 
sutural margin half distance to ckval apex; and a .slightly darkened area present across cubital 
petiole. 

Vertex twice as broad as long, roughened. Oennl cones very short, twice as broad as long. 
Thorax not especially arched; covered with dense, short, white pubescence. Forewings over two 
and a half times as long as broad, ovate; pterostigma short, small. Forceps of male narrow, short. 

Male holotype from Tepotzlan, Morelos, (collector and date unknown). 

Arytaina virflna n. sp. 

(Fig. 13) 

Length to tip of forewing 2.4 mm., forewing 1.9 mtn. 

General color orange over all with indications of wliite stripes on thoracic dorsum, white 
spots around ocelli, and genal cones white with black tips. 

Vertex twice as broad as long, ver>^ deep foveae on either side of median line. Gena! cones 
very short, rounded. Head almost vertical with thorax strongly descending. Forewings two 
and a half times as long as broad; pterostigma very broad, long; cubital cell twice as large as 
medial. Female genital segment little over half as long as rest of abdomen; dorsal valve slender 
with apical third stylifomi; ventral valve thick, heavy. 

Female holotype and two paratypes, Puebla. Puebla, October 18, 1941. 

Mitrapsyila albalineata Crawford 

This species was taken at Tehuacan, Puebla, October 17, 1941, on a shrub belonging to the 
Fabaceae. The specimens fit the variation that Crawford describerl from Oaxaca except that 
the female genitalia i.s not defiexed. 

Mltrmpaylla deaerata n. sp. 

(Figs. 14, 14A. and14B.) 

I^gtb to tip of forewing. male, 2,2 mm , female 2.9 mm.; forewing, male 1.8 mm., female, 
2.3 mm. 

General color deep orange with a prominent median line for full length of thoracic dorsum 
white to yellow. Raised ridges on vertex light. Eyes, apices of antennae, and four marginal 
spots on forewings black. 

Vertex almost twice as broad as long, central ridges very prominent. Genal cones very 
short, blunt. Antennae as long as entire insec't. Head almost as broad as thorax, Forewings 
twice as long as broad; pterostigma very short; Cua highly arc^hed. Forceps of male with apical 
hooks projecting cephalad. Proctiger with long caudal flaps. Female genital segment as long as 
rest of abdomen; dorsal valve straight, flat dorsad; ventral valve acute, styliform in apical third. 

Male holotype, female allot>^e, and many male and female parat>'pes from Tehuantepec, 
Oaxaca, October 13, 1941; one male paratype from Jesus Carranza, Veracruz, October 14, 1944; 
aAd two female paratypes from Iguala, Guerrero, October 25, 1941. 

The immatures resemble those of psylla, especially the group with the ana) opening located 
on the apex of the abdomen. The circum-anal ring appears to be a single ring of sUt-Hke pores. 
The host plant is “Hausaciie." 

Contdoeia delongi n. sp. 

(Pigs. 15 and ISA.) 

^ Length to tip of forewing, male 4.2 mm,, female 6. mm.; forewing, male, 3.7 mm., female 
4. mm. 

General color bright blue-green with large golden spots on center of mesoscutum and laterally 
on metascutum; antennae beyond third segment black. 

Vertex over twice as broad as long, pubescent, somewhat rolled roundedly forward. Caudal 
ocelli raised. Eyes stalked; postot'ular area large. . Genae ftised into vertex, seiPirated basallv 
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and contiguous apically; apices slender, acute. Antennae longer than entire insect Tlwrax 
robust, arched. Forewings over twice longer than broad; costal margin greatly curved; medial 
and cubital cells very elongate. Forceps of male of even width throughout, curved cephalad. 
Proctiger with caudal flaps. Female genital segment as long as rest of abdomen; dorsal valve 
styliform in apical third, minutely serrate dorsad; ventral valve of equal length as dorsal, of 
heavy build throughout 

Maleholotype and female allotype from Fortin, Veracruz, October 9, 1941. 

This species may be separated from godmani I.^ing by the more prominent eyes, more slender 
genal cones, deeper cells in the forewinga» and differently proportioned genitalia. 

The writer takes great pleasure in naming this species in honor of Dr Dwight M. DeLong. 

Peylla minutifonna n. sp. 

(Fig. 16.) 

Length to tip of forewing, male 2. ram., female 2.3 mm.; forewing, male 1.6 mm., female 
1.9 mm. 

General color golden yellow over all with antennae black or dark apically. 

Vertex almost twice as broad as long. Genal cones a third as long as vertex, thick, obtuse. 
Antennae scarcely longer than width of head. Forewings Httle over twice longer than broad; 
pterostigma very long, broad. Forceps of male invert L-shaped with apical arm a third longer 
than basal stem; there is a slight projection of the basal stem beyond the apicjil arm. Dorsal 
valve of female short, greatly narrowed apically. 

Male holotype and female allotype from Tuxpan, Michoacan, Km. 168, Octoljer 5, 1941, 
and a male and female paratype from Zamora, Michoacan, Km. 468, October 2, 1941, 

Pgylla amerlcona Crawford 

Two si)ecies from Rio Frio, Puebla, October 7, 1941, on pine. 

Pgylla mlnutieona Crawford 

Specimens from Chilpancingo, Iguala, and Mexacala, Guerrero, and from San ^Miguel in 
El Salvador, March 19, 1941, (Plummer), 


A Modem Foreatry Report 

The most attractive paper bound book on the subject of forest regources that has been pub¬ 
lished in Ohio to date is the joint effort of the Amcultural Experiment Station and the Central 
States Forest Experiment Station staffs. Its emored cover is a reproduction of a photografrih 
of a rolling farm Uuidscape with some high grade timber lom ready for market. The back cover 
reprints a valuable essay by Louis Bromneld on the subject of conservation, Between these 
covers are maps, charts, photographs and significant discussion of our forest resources and 
problems. One fact out of many that is worth the reader's consideration is that while at present 
Ohio produces only 27% of all wood and 16% of timber consumed in the state, under forest 
management our people con that, over a period of years, to the point v^here consumption 
does not exceed annual growth increment. Just how this is to be accomplished is briefly sug¬ 
gested in the pamphlet. The reader is ureed to concern himself in finding the answers. 

Since such a publiciitioti issued for public distribution must be limited, it is hoped tliat it will 
reach those persons who will give it publicity or will reflect upon its finding. In attempting 
to ('Over the whole subject of forest planning and use, it is perhaps unavoidable that occasionally 
tmeven treatment has resulted. Two staffs of ^ecialisis have engaged m the ta^. Yet on the 
whole there is a fine job of editing and co-operation, and it is to be hoped that more works of 
this type will be presented. The foreword by Mr. Secrest offers a unique reminder that during 
hia career there has been a great change in viewpoint toward forestry. When he was himsdt 
almost the lone forester in the State of Ohio, the farmer and the forester were likely to be regarding 
each other antagonistically. It is significant of the modwn perspective that we find a career 
forester tho Director of an agricultural experiment station. As a progress report this paper is 
recommended to every reader of "The Ohio Journal of Science."—A, E. WoUer. 

Ohio’s Forest Resources, edited by Oliver D, Diller. J09 pp., plus maps, charts, photo¬ 
graphs. The Ohio Agricultural Experiment Station. Wooster, Omo» in co-operation with The 
Central States Forest Experiment Station, Columbus, Ohio, 1944. No price fcdicated. 



A NEW PISH SPINE PROM THE PENNSYLVANIAN OF OHIO 

JOHN W. WELLS, 

The Ohio State University 

The species descriljed below increases to two the number of species of the 
ichthyodorulite genus Ctenacanihus recorded from the Pennsylvanian rocks of 
Ohio, the other species being C. marshi Newberry, 1873. 

Genus Ctenacanihus Agassiz, 1837 

CtettACsndioi iambomi Wells, n. sp. 

(Plate I, Pigtares 1-6.) 

Description ^—Based upon an imperfect spine, measuring 9.2 cm, in length, anteroposterior 
dnirneter 11 mm. at the outer end, 26 mm. at the inner end. Transverse diameter 11 mrn. 
Inserted portion and distal end not retained. Radius of curvature of anterior edge, 17 cm. 
Pulp cavity at outer end nearly cylindrical, 1 mm. in diameter; at inner end compressed, 5 mm. 
by 12 mm., with posterior surface virtually flat. Anterior edge with a single continuous smooth 
rounded costa, 2 mm. across, 1.5 mm. high, the sides of which bear obsolescent tubercles. 
Posterior face nearly flat with closely spaced linear strips separated by rows of fine pores, its 
lateral margins rounded, 1.5 mm. liigher than the face, and marked by welhdeveloped rows of 
hooked denticles that represent a diminished extension of the lateral costae. Lateral surfaces 
ornamented with closely-spaced longitudinal costae that may be divided into two sets, anterior 
and posterior, The total number of costae ranges from 25-26 on the inner end to 17-18 on the 
outer, with 21 midway between, the increase in number proximal!y being due to bifurcation. 
The anterior set or group of costae consists of 9-10 large costae concentric with the outer curva¬ 
ture, 0,5-0.75 mm. thick, pectinated by transverse tubercles of which 6-9 occur in a space of 

5 mm. The tubercles arc further pectinated by rounded ridges transverse to their long axes. 
The posterior set is formed by 8-16 narrower costae, 0.2-0.5 mm. thick, concentric with the 
posterior curvature, pectinated by irregularly fluted tubercles of which 6-6 occur in a space of 

6 mm, The most posterior of the costae of this set spiral gently oven* the margin where their 
tubercles are hook-shaped. 

Occurrence and MaiericU ,—Ames limestone, Conemaugh group, Upper Pennsylvanian, east 
central part of Section 22, 0.78 miles east of Clay8ville» Guernsey County, Ohio. One specimen, 
collected by R. E. Umbom (0. S. U. Geol, Mus. No. 19501). 

Remarks ,—When collected the spine was almost wholly enclosed in a small block of lime¬ 
stone, from which it was freed by etching with acetic acid. It is imperfect and lacks the proximal 
and distal portions, but is so clearly distinguished by ite form and sculpture that it should easily 
be recognized when collected in the future. 

Three other species of Ctenacanihus have been described from the Pennsylvanian of this 
coujitry; C. amblyxipkias Eastman (1903, p, 186, pJ. 2, figs. 22, 23; non Cope, 1891, p. 449, pi. 28, 
figs. 3a-c, nec Branson, 1916, p. 654, pL 2, fig. 26, text fig. 5) from the Missourian group (Atchison 
shales) of Nebraska; C. buitersi St. John and Worthen (1883, p. 240, pL 22, fig. 2) from the ''shales 
over Coa,l No, 5’* in lllinoia} and C. wors/w Newberry (1873, p, 326, pi. 36, figs. 3-3b) from near 
Zanesville, Ohio. Of the^ C. marshi is marked by coarse, seemingly smooth and unornamented 
lateral costae; the others have finer, ornamented costae. C. butter si has different proportions— 
larger radius of curvature and triangular cross-section with the posterior width nearly equal 
to the height, and strongly tuberculated rather than srnooth anterior costa on the cutwater edge. 

C. amblyxipkias was originally described from the Permian of Texas by Cope (1891). Later 
Hussakof re-figured Cope's type, repeated his description but added nothing further (1911, p. 161, 
pi. 30, figs. 6-6a). In the meantime Eastman (1903) referred two fragmentary spines from the 
Missourian of Nebraska to the species, but gave no description of them. Branson identified ilie 
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Spec ies among the fish remains of the Bmber formation (Permian) of Wyoming, and indicated 
that his specimens differed from Cope’s in two respects: different ornamentation and no 
diminution of the costae posteriorly. However, study of Branson’s figures suggests that there is a 
diminution in costal width posteriorly. As to the difference in ornamentation, it is unfortunate 
that he did not specify what that difference was, for his figures fail to show any, not being suffi¬ 
ciently enlarged. 

C, lambornif on the basis of Cope’s description and figures and Hussakof’s figure, has a 
costal arrangement and ornamentation like that of C. amblyxipkiaSy but they differ cxmsiderably 
in their cross-sectional proportions, as indicated by the following analysis: 



Transverse 

Antero- 


Tubercles 
per 6 mm. 
on Larger 
Costae 


Posterior 

Diameter 

Posterior 

Diameter 

Ratio 

C. amblyxtphias (Cope’s descr.). 

17 mm. 

28 mm. 

1 : 1.64 


C, amblyxiphias (Hussakof’s fig.) ... . 

C. amblyxiphias (Eastman^s fig.).. j 

15 

28 

1 : 1 93 

6 

5-8 

C. amblyxiphias (Branson’s reduced fig.) ' 

4 5 

11 ’ 

1 : 2.44 

C. lambomi n. sp. (proximal). 

11 

26 

I :2.34 

6-9 

C, lambornt n. sp. (distal). 

6 

15 5 

1 ;2.6 



Eastman’s C. amblyxiphias at present cannot be definitely placed until more data on its 
proportions be obtained, but it may be suggested that it is not the same as the Permian C 
amblyxiphias but either closely allied to or even identical with C. lambornu 
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EXPLANATION OP PLATE I 

Ct0nacanthus lambomi Welle, n. sp. 

(All figures are of the holotype, O. S, U. 19601.) 

1, 2, 3. Anterior, lateral, and posterior aspects, Xl. 

4. Outline of cross’-section of spine at end of preserved proximal portion, XL 

6, 6. Surface ornamentation of lateral costae, X6. In upper quarter of both figures are the 
larger costae of the ^terior group with their strongly compressed, pectinated, trans* 
verse tuberculations; in the lower three-quarters are narrower costae of the pMterior 
group with the tubercles losing their regularity posteriorly and becoming subconical. 
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THE WINTER FISHERY IN WESTERN LAKE ERIE, WITH A 
CENSUS OF THE 1942 CATCH 


KENNETH H. DOAN, 

Franz Theodore Stone Laboratory, The Ohio State University, 
Put-In-Bay, Ohio 


In the island region of western Lake Erie a hook and line fishery operates on a 
commercial basis during the period of a year when the lake is covered with ice in 
that vicinity. The center of this fishery is Put-In-Bay on South Bass Island, 
No nets are employed in this winter fishery. 

The fish captured are of high quality and the catch is of sufficient magnitude 
to be of importance in the regional economy, although the quantity is but a small 
fraction of the annual yield of the whole lake. A creel census was placed in opera¬ 
tion during the winter of 1942, and, when compared with returns of hook and line 
fishermen in other water areas, the yield was high. 

HISTORY OF THE FISHERY 

Presumably the earliest fur traders and settlers on the Lake Erie islands were 
familiar with the practice of fishing for food with hook and line through holes in the 
ice. Until about 1890 fishing was a casual affair, since not much effort was 
required to take ample supplies of herring, Leucichtkys ariedi alhus (LeSueur), for 
domestic consumption. The fisherman squatted at the edge of a round hole in 
the ice and used a stick attached to which was a short line bearing a small hook 
baited with a pearl button or a piece of cloth. This type of fishing, confined 
mostly to the protected harbor, 5 rielded ample Applies of jumbo herring averaging 
about 18 inches in length. 

When shanties first came into use about 1890, they were built of wood and 
were heavy, semi-permanent structures that required considerable exertion to 
bring into position on the ice. With the adoption of the shanty, fishing extended 
out from the harbor to more exposed situations over deeper water. About 1895 
the first shanty was built with a canvas covering over a wood frame. This newer 
and lighter shanty, mounted on runners, met with general favor so that in suc¬ 
ceeding years the number on the ice increased from 50 to as many as 250 shanties. 
The first wooden shanties were frequently built with several holes in the floor, and 
accommodated up to half a dozen fishermen. The present canvas shanties are 
small, coal-heated, one-man shelters, but are occasionally large enough to hold 
two fishermen. The early fishing gear of two or three lines each with a single 
hook was modified, between 1910 and 1920, to the present standard equipment of 
two lines per man, each line with a heavy flat weight, a spreader, and two hooks. 

Catches of fish in the early da 3 rs were generally greater than at the present time. 
Notably abundant then were herring, a rarity in recent winter catches. Sauger, 
SlitosUiion c. canadmse (Smith), were taken more abundantly then than now, a 
fisherman sometimes catching in a day two bags of clearsauger (a catch com¬ 
pos^ of sauger only). Catcdies of perch, Perea jlavescens (Mitchill), have alwajrs 
varied greatly throughout the years. The catch of three tons of No. 1 yellow 
pickerel, Siizosledion r. viirmm (Mitchill), in a sir^le day was an outstanding 
event in 1910. 

The sizes of fish caught have also varied. Large pickerel were more frequently 
^encountered forty years ago than now, and fish of 9 and 10 pounds were common. 
One fisherman at that time caught in one day,two very large pickerel, 17 and 18 
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pounds; another caught four 12-pound pickerel before OHO A. M. and several 
8- and 9-pound fish later the same day. Big sauger, now largely unknown, were 
quite usual. The size of perch has been maintained throughout the period of the 
fehery, generally at about three fish to the pound. 

Fluctuations in market prices and demand have had an effect on the size of 
the catch. Sometimes in the 1890’s fishermen were unable to sell their fish at any 
price; at other times in the same years they accepted ^c. pound for perch, Ic. 
pound for sauger, and 3c. pound for pickerel and herring. In later years as many 
as five buyers competed for the catch, and prices were forced higher. During the 
war of 1914-1918, prices of pickerel reach^ a peak of 20-25c. pound. In 1942 
fishermen received 10c. pound for perch and sauger, 12c. pound for No. 2 pickerel, 
and 14c. pound for the larger No.,1 pickerd. 

The hauling of local wines to the mainland and city markets by teams and 
sleighs was formerly an important winter industry on the islands, but fish were 
regarded as of minor importance as a freight load. With intermittent hauling 
facilities, fishermen were not assured of steady marketing of their fish, and the 
fishing industry did not become stabilized. 

Beginning about 1900, mail, passengers, and freight including fish were carried 
to the mainland in winter by regular contractors who used iron-clad boats capable 
of travel over both water and ice. Regularly scheduled trips could be depended 
upon, except during violent extremes of weather, and additional iron-dads were 
put into service solely for the fish trade. Two men could carry four 250-pound 
barrels of fish in one boat, and sometimes completed three round trips daily to 
the mainland, about 3^ miles distant. The fish-canying ironclads occasionally 
transported as much as three tons of fish daily, and the winter fishing industry 
thus proceeded on a firmer basis. 

The final development in the improvement of the island fishing industry was 
the permanent establishment of an airplane freight service which has carrira fish 
dependably and continuously each winter since 1931^32. 

Before the present century fish were readily available, but, owing to low prices, 
daily incomes generally amounted to $3 or $4, and sometimes up to $7 per 
fisherman. The wages of the men engaged in the transportation of fish were abwt 
the same as those of the fishermen. More recently, even with satisfactory ice 
conditions, fish have sometimes been caught witih greater difficulty; fifty days oi 
fishing in 1933 resulted in earnings of $57 for one uherman. At other times the 
fortuitous combination of moderate numbers of fish with high prices has resulted 
in individuals making catches of outstanding value: $78-worth of fish in three 
days, and $31 in one day are instanced. 

Yellow pickerel, perch, sauger and herring have constituted the chief species 
entering the fishery, and in some seasons there has been a market for lawyers, 
Lota lota maculosa (LeSueur), but the fishermen were required to dress these fish 
before the buyers would accept them at Ic. pound. Herring have been of no 
importance for about the last twenty years. 

The capture of lake shiners, Notropis a. athmnoides Rsd., for bait has generally 
been simple, as they, were usually plentiful and readily available. Sometimes 
shiners were so abundant that fishermen did not bother to keep a live-box, but in 
the morning on the way out to the shanty stopped in a bay where in a few minutes 
they would easily catch a day's supply with a few hauls of a circular dip net through 
a hole in the ice. At other times shiners were more difficult to ca^, and their 
extretne scarcity in 1912 was paralleled by that in 1942. The catching of shiners 
for bait has been a commercial effort by one or two men each year, and prices have 
been as high as $2 quart, but average about 50c. quart, there being approximately 
400 shiners in a quart. 
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THE CENSUS 

Methods — 

In most creel census operations it has been customary for the census-taker 
either to talk with the fishermen while they were angling, to meet the fishermen 
at a dwk or other point of egress from the fishing waters, or to set up census stations 
at points about the lake where cards were available for the voluntary use of 
anglers. In this census, the practice of obtaining data has been simplified because 
most of the catches eventually passed through the hands of only two buyers, and 
both have furnished records of the number of pounds of fish purchased each day. 



Ficuxb 1. Graph showing fluctuations in daily total catch and in daily catch 
per man-hour in the winter hook and line fishery. Yields increased irregularly with 
progress of the season. 


The Port Clinton Pish Company purchased about 66 per cent of the total 
catch, and collected data for 58 per cent of the total catch on the number of hours 
occupied by each fisherom to catch the fish which he offered for sale. It is these 
data Which form the,basis for calculations of effort. Effort refers to the number 
of pounds of fish caught per man-hour; perhaps it should more properly refer 
to the time required to catch a unit weight of fish, but the former definition of the 
tetm has been adopted in this report. 

' In the calculation of a daily average of dffort, two procedures could be used. 
The first would be to find the simple mean of mdividum efforts for the day; this 
mi|(ht be regarded as a better measure of availability, since it does not give undue 
weight to either the poor or successful fisherman. The second method would be 
to calculate the daily mean effort by weighting individual efforts according to the 
number of hours fisned; or, in practice, to dMde the total catch for the day by 
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the total number of hours fished. This mean could be construed as a tnie measure 
of the average return per hour for all fishing. 

Since this report may possibly have more value if calculations are based on 
the average return per hour for all fishing, the weighted mean has been used. 
However, simple means have also been osculated, but the two means have not 
differed by more than 0.39 pounds per hour^ of total catch, on any one day, and 
have differed by less than 0,10 pound per hour throughout 64 per cent of the 
season. Weighted averages have also been employed in the comparison of catches 
over periods of several days or weeks, and in the treatment of financial returns 
to the angler. 

The poundages of fish listed in Tabic I do not indicate the total yield. Fish 
that were sold conformed to minimum size limits of one pound for No. 1 pickerel 
(about 15 inches total length), 13 inches for No. 2 pickerel, 11 inches for sauger, 

TABLE I 

H(X)k and LiNt Catches in the Winter Fishery in Lake Erie at PutTn-Bay, Ohio, 
PROM January 17 to March 13, 1942. 


Catch in Pounds, as Reported by Dealers 


Month 

Yellow Pickerel 

Sac GBR 

Perch 

Not 

Speci¬ 

fied 

Sauger 

AND 

Perch 

'I'otal 

Catch 

No. 1 

No. 2 

Not 

Speci¬ 

fied 

Total 

Jwuary. 

February 

March. 

Totals. . . 

Per cent of total 
catch . 

661 

1,503 

920 

2,295 

14,132 

4,797 

1,227 

4,183 

15,635 

6,717 

271 

8,700 

907 

703 

4,077 

1,018 

623 

3,147 

1,538 

6,780 

26,569 

9,176 

3,084 

21,224 

1,227 

25,535 

4,878 

6,708 

5,303 

41,514 

7 4 

51 1 

3 0 

01.5 

U.8 

‘ 14 0 

12.8 



and 8 inches total length for perch. Undersized fish were taken for home use, 
and non-resident sportsmen also caught a proportion of the total 3deld; however, 
the fish not offered for sale probably constituted not more than 20 per cent of 
the total catch, or about four tons. Because buyers paid the same price for sauger 
and perch, poundages of these fish were generally listed together on the sales 
slips,i so that efforts for these species individually were not available throughout 
the season.® 

Catch — 

The winter catch of fish in Lake Erie at Put-In-Bay, as rejxirted by com¬ 
mercial dealers, has averaged about 44,500 pounds from 1936 to 1940, and has 
been composed of 70 per cent pickerel, 24 per cent perch, and 6 per cent sauger. 
During this period the winter catch of pickerel, perch, and sauger has amounted 
to 1.04, 0.31, and 0.23 per cent, respectively, of the annual catch of these three 
species by commercial nets in the Ohio portion of Lake Erie. 

*Bluc wke, StizosiedioH vitreum ghucum Hubbs, were taken in smaTl amoimts, and have 
been included with sauger. 

•Total catches, apart from the data on effort, wem obtainable bv species. 
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The winter fishing season in 1942, as regulated by the period of ice-eover on 
the lake, extended from January 17 to Mardi 13, and data on effort are available 
between January 20 and March 4, for which catches, efforts, and fishermen’s 
earnings are presented in Tables I and II. 

The trend of success in fishing evidenced an irregular increase from a minimum 
average catch of 2 pounds per hour of all species near the beginning of the season 
to a maximum daily average of 6 pounds per hour in early March, as shown in 
Figure 1. The season’s average rate of catch was 3.67 pounds per fisherman-hour. 

Yellow pickerel constituted 61.5 per cent of the total yield of the winter fishery 
in 1942, and these fish were taken at the rate of 2.34 pounds per hour (2.03 pounds 

TABLE II 


Avekaok Fishing Effohts in the Winter Hook and Line Fishery in Lake Erie 
AT Put- In-Bay, Ohio, 1042. 



Number 
of * 

Average 
Length of 
Fisner- 
man-day, 
in Hours i 

Yellow Pickerel 

Sauger 

Perch 

Sauger 

Total, 

Average 

Fisher¬ 

man 

Earnings 

Per 

Hour 


Fisher¬ 

man 

Reports 

No 1 

No.2j 

Total 

and 

Perch 

All 

Species 

Pounds of fieh i 
caught per fish¬ 
erman hour. 

Jan. 20‘-Jan. 31.. 
Feb. 1-Feb 15 . 
Feb. Feb. 28 

Mar. I-Mar. 4 . 

m 

307 

274 

77 

8 1 

8.3 

8 5 i 
8 ft 

0 51 
0.23 i 
0 23 ' 
0 5ft 

t 90 

1 70 

2 22 

2 88 

2 41 

1 92 

2 44 

3 47 



0.67 

1 37 

1 49 

1 51 

3 08 

3 2ft 

3 ft4 

4 98 

80 368 

0 374 

0 448 

0 575 

Season total, or 
average . 

774 

8,4 

0 31 

2 

2 34 



1 33 

3 67 

0 421 

Average weight 
per fish, in U^s. 

! 


1 54 

0 70 


f 

0 46 

0 33 




Calculated num- 
ber of fish 
caught per fish¬ 
erman-hour. 

(Season average) 


1_ 

0 20 

L - 

2 ftO 


1 33 

2 18 


6.61 



per hour of No. 2, and 0.31 pounds per hour of No. 1 pickerel). Perch and sauger, 
which composed the remaining 38.6 per cent of the tot^ catch, were together caught 
at the rate of 1.33 pounds per hour. 

^ COMPARISON WITH HOOK AND LINE FlSHINO IN OTHER LAKES 

Many creel censuses have expressed the results in fish per hour, without con¬ 
version into the more^comparable expression of rate of catch in pounds. It is 
generally safe to assume that for most fishing areas the figure representing catch in 
nah per hour is greater than that of catch in pounds per hour. 

Fishing in a group of Michigan lakes yielded average catches of 0.4 fish i>er 
hour and 1.1 fish per hour in summer (liaKzard and Eschmeyer, 1937); winter 
catches in several other Xdikes in Michigan'varied between 0.1 and 1.7 fish per 
hour, and summer catches in the same lakes from 0.4 to 2,5 fish per hour (Ha«zard 
and Eschmeyer, 1938). Surveys in seven Ohio lakes showed catches of 1.30 to' 
4.77 per hour in summer and autumn (Wickliff. 1936), Catches in the spring, 
summer and autumn in some Wisconsin lakes have been reported at the rate of 
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1.24 to 1.86 per hour (Prey, Pedracme, and Vike, 1939)i and 0.90 to 1.53 
pounds per hour (Prey and Vite, 1941). Pish have bi^n taJ^ in the sumxner 
by anglers in several Algonqtiin Park l^es, OntfuiOp at the rate of 0.66 to 2.56 
per man-hour (Hart, IMl), and at rates of 0.54 to 3.20 fish per boat-hour 
(Kennedy and Banfield, 1942). 

Spring and summer fishing in Illinois have yielded results of 4.37 fish per hour 
(Bennett, Thompson, and Parr, 1040). Angling throughout the year, of portions 
of it, in several reservoirs and their tributaries in Alabama and Tennessee gave 
catches of 0.2 to 1.4 fish per hour (Eschmeyer and Tarzwell, 1941; Tarzwdl, 1941). 

The average daily catch made by hook and line fishermen operating through 
the ice in the island section of western Lake Erie amounted to 3.67 pounds, or 
6.61 fish, per fisherman-hour between January 20 and March 4, 1942. In general, 
this is a higher rate of return to the angler than in most fidieries elsewhere and 
in various seasons of a year. 
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Introduction 

The pioneer settlers^ mainly thixnigh necessity, first turned the local sandstones 
in the eastern half of Ohio to profitable accoimt in the construction of homes, mills, 
factories, dams, bridges, canal locks, furnaces, cupolas, public buildings, etc. 
Such rocks were Widely distributed over that area, had outcrop exposures favorable 
for quarrying, were readily fashioned by the mason into desired forms and, in 
general, were pleasing to the eye or appealed to the sense of durability. The first 
hqmes were built of logs but in these the chimneys most commonly were con¬ 
structed of sandstones laid in mud. For example at Schoenbrun. established by 
the Moravians in 1792 and burned soon after by the whites, the locations of the old 
.buildings were establiahed by the hearthstones^ and the comer foundations hid 
during the lapse of time. The dams of early mills, built from 1790 on, used rock 
of some kind for th® entire structure, for the shore anchors or for weighting the 
timbers if made of wood. Piles of moldering sandstones still mark the sites of 
Hopewell furnace built in 1804, Montgom^ in 1806* Rebecca in 1807, Licking 
In 1808, etc. The remaining evidence for the first paper mill west of the Allegheny 
Mountains, and built on the Little Beaver Creek in 1806, is remnants of the stone 
abutments on the shores and a tow of holes in the rocks forming the floor of the 
stream. Such instances may be duplicated many, many times and with a wide 
variety of older worics. 
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Definition of Terms 

Sandstone may be defined as a rock of sedimentary origin derived by consol¬ 
idation of sand through compaction and cementation by bonding components. 
The sand grains may be nearly pure quartz or quartz with feldspar, mica, zircon, 
rutile, garnet and other minerals. In size the grains may vary from fine to coarse 
but In any given rock they are usually rather well sorted. The common bonding 
components are iron oxides in some form, silica, either amorfjhous or crystalline, 
and carbonates of calcium and magnesium. Others less abundant but common 
are phosphates, organic matter and manganese oxide. 

Conglomerate is a consolidated water-lain rock made up partially or nearly 
wholly of pebbles, usually rounded, embedded in a matrix of finer material, gen¬ 
erally sand. The pebbles may be derived from most any kind of hard rock but 
those from quartz or quartzite are the most common. Usually the conglomerate 
rock is a massive stratum varying both vertically and laterally from a sandstone 
with few pebbles to one made up largely of the coarse material, the sand filling 
only interstitial space. Cross-bedding and lenticularity are conspicuous features 
of most conglomerates when viewed in mass. 

General Occurrence 

In Ohio sandstones and conglomerates occur at various horizons throughout 
the entire rock column of some 6,800 feet from the basement pre-Cambrian crystal¬ 
lines to the upper-most strata of the Permian system. However, the quantity of 
such strata varies greatly in the different systems being abundant in some and 
nearly absent in others. On account of so much variation and so many wants with 
the sandstones and conglomerates a true estimate is hardly yxissible. However, 
the data given below are relatively accurate. 


System 

Total Thickness 
of Rocks, Feet 

Total Thickness 
of Sandstone 
and Co^lomerate, 
Feet 

Permian. 

626 

147 

Pennsylvanian. . 

1,115 

355 

Mississippian. 

676 

375 

Devonian .i 

770 

6 ? 

Silurian. 

800 

20 

Ordovician. 

2,005 

0 ? 

Cambrian. 

720 

... .... - ... 1 

360 


6,801 

1,106 


Thus an abundance of siliceous strata is present in the Mississippian, Penn¬ 
sylvanian, Permian and Cambrian systems whereas an impoverishment of such 
materials prevails in the Ordovician. Devonian and Silurian systems, the latter 
three being made up of dolomites and limestones with minor quantities of shale. 

Cambrian System 

In the Vance^ and some ten other wells in the western half of Ohio that have 
penetrated the strata from the base of the great Trenton-Bladc River group to the 
crystalline gneisses and schists many sandstone lenses, some quite thick, are inter- 


^See "Paleozoic and preCambrian Hooka of the Vance Well, Delaware County, Cfeio,** by 
Wilber Stout and Carl A. Lamey, The Bulletin of The American Asaodation of Petrolciitn 
Geologista, Vol. Z4, No, 4, April, IWO, page 087. 
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spersed in dolomite in the basal 720 feet or more of the section. Here, the sand¬ 
stones, either pure or dolomite bonded, make up more than half of the deposits. 
In the Vance and also in a few of the other wells with detaUed sections, the sand¬ 
stone most conspicuous lies directly above the oystalline rocks, is exceptionally 
pure and measures 125 feet or more in thickni^. These sandstones provide 
excellent reservoirs for the accumulation of petroleum, natural gas and brine but 
so far they have yielded only the latter. The brine* is highly concentrated and is 
of value for the chemical industries. In the Vance well it was found at a depth 
of 3,S20-3,825 feet. 

Ordovician System 

The rocks of the Ordovician s^tem, some 2,095 feet in thickness, are nearly 
entirely dolomites, limestones and calcareous shales. The only well known and 
definitely correlated sandstone in the system is the St. Peter lying at the base of 
the Black River formation. However, this member is largely wanting and when 
present thin and impure. The horizon yields a weak brine and the green shale 
and dolomite, 10 to 15 feet above the disconformity, have furnished in scattered 
wells small quantities of petroleum and natural gas. 

Silurian System 

Throughout this great system of rocks, about 800 feet in thickness, the dom¬ 
inating deposits are dolomites, calcareous shales and limestones, many of which 
are of great interest industrially. The only sandstone of any importance is the 
Clinton of the driller which is of Medina age and correlative with the Whirlpool 
sandstone of the Niagara Gorge (New York) section. 

CLINTON SANDSTONE 

The Clinton sandstone of the driller in Ohio is of Medina age and is correlative 
with the Whirlpool sandstone of the Niagara Gorge (New York) section. Its 
position is directly above the Elkhom or Queenstown or **Red Medina'* shale 
and from 100 to 250 feet below the base of the well known Niagara dolomites. 
This formation enters Ohio from the east or northeast, thins rapidly westward and 
becomes absent or very indefinite in the east central part. Its western boundary 
is marked roughly by a line from Lorain on Lake Erie through Mansfield, Mount 
Vernon, Lancaster, Laurelville and Jackson to Irontpn on the Ohio River. It is 
not known on the outcrop in southwestern Ohio. The Clinton sandstone varies 
from 1 to 100 feet or more in thickness, is always fine in texture and in the eastern 
part of the state is cemented to a hard quartzitic rock. However this sandstone 
IS the reservoir for the great natural gas and petroleum fields stretching nearly 
continuously from Cuyahoga and Lorain counties on the north to Lawrence County 
on the south. Throughout the field, opened near Lancaster in 1887 and stiU 
a^ive, over 26,000 wdls have been drilled yielding immense volumes of natural 
gas and large stpplies of petroleum. It has proved one of the most valuable 
formations in Ohio.* 

Devonian System 

The rocks of the Devonian system in Ohio are all of marine origin, average 
between 700 and 800 feet in thickness and include, in order of abundance, shale, 
limestone, dolomite and sandstone, the latter forming a very minor part of the 

•Ibid. Pages 973^. 

*Por reference see: Geol. Star. Ohio, Vol. VI, pages 13, 75, 3^ and 783; Oeol. Surv. Ohio, 
Bull 1, Occurrence asd Eicploitation d Petrofeum and Natural Gas in Ohio," pages 20, 
101,120; Geol. Sur. Ohio, Bull 12, '^e Btexnen Oil Field/* pages 16,17, 22, 23, 24, 38^^; also 
Btaietina 20, 21, 24, 28, 31, 35, 87. 
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whole. The siliceous strata comprise the Oriricany sandstone at the base of the 
system and the Marcdlus, Olentangy and Ohio riiales in the middle and upper 
portions. 

ORISKAKY SANPSTONfB 

The type locality for the Oriskany sandstone is Oriskany Palls, Oneida County, 
New York. The formation extends westward from New York through Pennsyl¬ 
vania into eastern Ohio, becomes aJbsent in the central part of the State but appeare 
again in the northwestern portion. In the latter area it is known as the Sylvania 
sandstone. The formation is erratic in thickness varying from 1 to 100 feet but 
ranging usually between 10 and 40 feet. Its chief economic value is for the pro¬ 
duction of natural gas and petroleum, the chief fields being in Ashtabula, 
Tuscarawas, Guernsey, Coshocton and Muskingum Counties. Formerly the 
Sylvania sandstone of northwest Ohio was used in glass making and was ground 
to a fine powder for potters flint, paint pigment and foundry uses.* 

MississrppiAN System 

Aside from the MaxvUle limestone placed at the top of the section but absent 
over much of the area the rocks of the Mississippian system are entirely siliceous in 
character, that is, they are sandstones or siliceous shales. The total thickness of 
these strata varies from place to place but on the average approximates 675 feet. 
The deposits are wholly marine in origin and show much evidence of shallow 
water deposition. The system outcrops in a wide belt extending northward from 
Scioto County on the Ohio River to Lorain and Medina Counties thence eastward 
to Trumbull County on the Ohio-Pennsylvania line. The shales are employed 
extensively for ceramic products and the sandstones have proved useful for 
buildmg stone, abrasives, oil and gas, brines, fire stone, glass sand and molding sand. 

EUCLID SANDSTONE 

Although the Bedford formation primarily is shale yet in some areas it bears 
thin to m^ium bedded layers of sandstone either closely or widely spaced in the 
shale. In the Cleveland district this sandstone has long been quarri^ under the 
name of “Euclid bluestone,** is dense and fine grained and weather resistant. The 
deposits range from 15 to 30 feet in thickness and the individual layers from 
2 inches to 3 feet 6 inches. It finds employment for flagging, foundations, cellars 
and when sawed for caps, sills and steps.* 

BEREA sandstone 

The Berea sandstone of Mississippian age, and named by Newberry in 1870, 
is one of the best known rocks of this class in Ohio, It is important alot^ the 
outcrop as a source of building stones and abrasives and under deep covering as 
a storage reservoir for petroleum, natural gas and salt brines. The formation 
ppands 5 to 225 feet in thickness but averages about 45 feet. The typical stone 
is massive in structure, medium fine in grain size, rather open in texture and light 
gray to slight buff in color. It quarries with good economy and works well either 
by chipping or sawing. The outcrop of the Berea sandstone is marked in a general 
way by smdl or large quarries in Trumbull, Ashtabula, Geauga, Lake, Cuyahoga, 
Lorain, Erie. Huron, Crawford, Morrow, Delaware. Franklin, Pickaway. Ross, 
Pike, Scioto and Adams Counties. The most prenninent quarries are confined to 


•For reference see: American Association of Petroleum Geologists, “Natural Gas in Central 
and Eastern Ohio," June, 1^, page 907, 

Mineral Resources of tlw Cleveland District;* U. S. Oeol. 


Sur. Bull. 818, 
Ohio,’* Geol. Stir, 
pages 69-^70. 


:es 107-111; *The Devonian and Mississippian Formations ^ Nor^astem 
io, Bull, id, page 51; “Buildmg Stones yOhio/’ Oeol: Sur. Ohio* Bull. 18, 
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northern Ohio in Lorain, Cuyahoga and Erie Counties. The uses of the Berea 
sandstone are many, princip^ among them are building stone, curbing, flagging 
and riprap^ It is the chief source in the United States for grindstones, whetstone^ 
and related rubbing stones. Formerly it was used for mill stones for grinding 
barley and other grains. Of recent years a new and important use is sawed stone 
for refractory linings of cupolas, in replacement of silica brick. Such blocks are 
cheap, stand up well against heat and slag and are easily replaced. 

The Berea sandstone ranks third in the production of petroleum and natural 
gas, being surpassed only by the Trenton and the Clinton. Prom the Berea the 
yield has been largely oil. The depth of the wells varies from 100 to 2,000 feet or 
more. On the averse the wells are not large producers but are long lived. The 
largest pools are in Athens, Washington, Perry, Morgan, Muskingum, Noble, 
Monroe, Belmont, Harrison, Jefferson, Carroll, Columbiana and Mahoning 
Counties. Some production is also obtained in Gallia, Meigs, Vinton, Hocking, 
Guernsey, Coshocton, Tuscarawas, Holmes and Stark Counties. This formation 
is a consistent producer of brine except where structural relief is such as to impede 
its migration. The flow of brine, however, is not large nor is the concentration 
especially strong, the yield of salts in the brine varies greatly but commonly ranges 
from 50 to 160 grams per liter. Formerly brine from the Berea sandstone was 
utilized for salt making near Dover in Tuscarawas County and at Lisbon and 
Salineville in Columbiana County.® 

BUENA VISTA SANDSTONES 

The Buena Vista formation is recognized as such from the Ohio River in Adams 
County northward to near Mansfield in Richland Coimty, beyond which it breaks 
up and becomes more indefinite. It is made up of a great series of sandstone and 
shale layers occupying from 100 to 150 feet of the lower part of the Cuyahoga 
formation. Such deposits are best developed in western Scioto, eastern Adams 
and western Pike Counties. The sandstone beds yary from one inch to six feet 
in thickness, but the majority are under 18 inches. Further, they maintain 
remarkable regularity in their lateral extension. These sandstones are fine in 
texture, break well in any direction, are bluish gray to rich brown in color and 
are firmly cemented with clay matter and iron oxides. At present the active 
quarrying is largely confined to McDermott in Scioto County. Formerly, how¬ 
ever, the deposits were worked in a large way at Buena Vista, Harden, Henly, 
and Carey Run in Scioto County, Piketon and Waverly in Pike County, at 
Lithopolis in Fairfield County, and Blacklick in Franklin County. In southern 
Ohio the output consists of sawed stone for building, grave vault, flagging, curbing 
purposes and perch stone for bridges, abutments, retaining walls and foundations. 

The Buena Vista sandstones also produce petroleum and natural gas, especially 
the latter, under the driller's term of Hamden sand of Jackson and Vinton Counties, 
Weir of West Vir|:inia and Welsh Stray of Monroe County. In Ohio the out¬ 
standing gas pool IS near Hamden in Vinton and Jackson Counties.^ 

BLACK HAND SANDSTONE 

The Black Hand formation forms conspicuous deposits along the outcrop in 
central Ohio from southwestern Hocking County through Fairfield, Licking and 
Knox Counties to north of Mansfield in Richland County. Further it extends 


References: Gaol. 3ur. Ohio, Bull. 18, 'Ruil^ing Stones of Ohio/' pages 72-118; Geol. 
Bur. Ohio, Bull. 1, "The Occurrence and Exploitation of Petroleum and Natural Gas in Ohio," 
many references; The American Association of Petroleum Geologists, June, 1835, pages 904-5; 
G«oL Bur. Ohio, Bull. 87, pages 14-16, 52^. 

»Geo1. Sur. Ohio, Bull. 18, "Building Stones," 108, 122-129; Bull. 23, "Geology oi 
Ctoip Sherman Quadrangle/’ pages 104,113,156, 
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on southeastward under deep covering into West Virginia as shown by the drill. 
It is a massive deposit, often one great ledge with few if any distinct stratification 
planes. It varies in thickness from 50 to 200 feet or more. The stone changes in 
texture from a coarse-grained sandstone to a rather pebbly conglomerate. Com¬ 
monly, however, it is a sandstone with pebbles scattered through the mass or 
concentrated to local lenticular layers. The stone is generally highly cross-bedded, 
the planes being confined to definite lenticular boundaries which are rather closely 
spaced. Outstanding features are thus cross-bedding and lenticularity. The 
usual'cementing medium is iron oxides. This sandstone is commonly of a decided 
buff color but locally this changes to light, light gray, pink, reddish and brown 

This sandstone has been us^ since pioneer days but in a rather desultory way 
for building stone and heavy masonry. It has been quarried for such purposes 
near Mansfield in Richland County, along the Licking River at Hanover and Toboso 
in Licking County, along the Hocking River at Lancaster and Sugar Grove in 
Fairfield County and at Rockbridge and Logan in Hocking County Through 
crushing followed by screening, air separation or washing, the Black Hand sand¬ 
stone finds employment on the markets for molding sand, mortar sand, sand finish 
of plastering, sand blasting, engine sand and glass sand. The largest active 
plant (1943) is at Millwood in Knox County, preparing glass sand by acid treatment 
and washing. 

To the driller the Black Hand sandstone is known as the Big Injun sand. 
When detached from the main body the lower portion is called the Squaw sand. 
These sandstones produce both petroleum and natural gas, but largely the latter. 
The Big Injun sand is of most importance in Washington and Monroe Counties 
and of less worth in Athens, Vinton, Morgan, Muskingum, Noble, Guernsey and 
Belmont Counties. 

In the Pomeroy district of Meigs County the Black Hand sandstone is one of 
the important sourc'es of brine for the salt industry. Formerly such brines were 
used extensively along the Hocking River and along Sunday Creek in northern 
Athens County and along the Muskingum River in southern Muskingum and 
northern Morgan counties. This formation yields a large flow of concentrated 
brine which is high in bromine and practically free from sulphates. 

The Black Hand sandstone is of value also for the picturesque and attractive 
scenery presented along the outcrop. Tlie deeply entrenched gorges, box caverns, 
falls and cascades and bold cliffs yield recreation places and camp sites of value 
for scenery, wild life and pleasure. Ash Cave, Cedar Palls, Old Man’s Cave, 
Conkle Hollow, Rock House. Cantwell Cliffs, Clear Pork, Jacob’s Ladder, Christmas 
Rock, Mt. Pleasant. Licking Narrows, Rain Rock and Kokosing gorge are some 
of the outstanding spots that may be mentioned.* 

BYER SANDSTONE 

The Byer sandstone belongs near the base of the Logan series of the Missis- 
sippian system. Thw formation at the type locality, Byer in northern Jackson 
County, is a fine grained, even bedded sandstone of a yellowish or buff color. The 
bonding compements, consisting of clay matter and iron oxides, are rather high, 
but the stone is only locally weather resistant. In many areas more or less of 
the sandstone is replaced by gray siliceous shale. The thickness of the Byer 
formation is about 60 feet in Scioto County, 70 feet in Vinton, 100 feet in Ross 
and 70 feet in Wayne. Economically it is of small worth, supplying only small 
quantities of building stone for local needs.® 


JFor reference see: Geol. Svit. Ohio, Bull, 37, “Brines of Ohio.“ oages 22, 23,47-52; Bull. 18. 
“gilding Stones,’* pages 140-142; Araerii;an Journal of Science andArts, 3r(J series, Vol. XVL 
1878, pages 216-217. 

•For references see: Geol. Sur. of Ohio, Bull. 23, page 154; Bull. 31, pages 52-58. 
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ALLENSVILLE CONGLOMERATE 

The Allensvilic conglomerate, named by Hyde for the village of Allensville 
in western Vinton County, is the third unit in the I^ogan series of the Mississippiarl 
system. It is quite distinctive in that it is a fipe but very even-grained con¬ 
glomerate, in size about like wheat grains. It may occur in one or in two distinct 
beds in sandstone and siliceous shale of the ordinary Waverly types. In thickness 
the conglomerate zones vary from one inch to four feet and that of the entire 
member from *2 to 25 feet. The Allensville formation is recognized along the 
outcrop from Scioto to Summit County. If present in larger quantities the well 
sorted Allensville conglomerate would be useful for several purposes.^® 

VINTON SANDSTONE 

The youngest deposits in the Waverly group of rocks of Mississippian age 
are those of the \^mton formation which was named by Hyde for exposures in 
the western part of Vinton County. In this area it is mile up of a series of sand¬ 
stones and shales, but elsewhere it may vary from massive sandstones with little 
or no shale to shales with only thin lenses of sandstone. The sandstones, commonly, 
are fine grained, thin to massive bedded and gray to drab in color. The thickness 
of the formation varies from 5 to 180 feet, depending on the amount left by the 
erosion cycle at the close of Mississippian time. Under deep covering in eastern 
Ohk) the Vinton sandstone becomes the Keener sand of the driller and is very 
important as a source of petroleum and natural gas in Jefferson. Belmont, Monroe, 
Harrison, Washington, Noble and Morgan counties. It also contains brine but 
so far this has not been utilized for commercial purposes. 

Pennsylvanian System 

The ^eat group of rocks now placed in the Pennsylvanian system was first 
defined, in 1838, in Pennsylvania, by Henry D. Jlogers in work done for the United 
States Government. It has been and is of enormous importance in the Appalachian 
field for its coals, clays, shales, sandstones, limestones, iron ore, petroleum, natural 
gas and brines. Throughout this field Pennsylvanian rocks cover an area of more 
than 70,800 square miles in central and western PennvSylvania, eastern Ohio, 
western Maryland, western Virginia, West Virginia, eastern Kentucky, eastern 
Tennessee and northern Alabama. In Ohio such strata are found over an area of 
approximately 12,340 square miles. The Pennsylvanian system is sub-divided 
into four series, Pottsville, Allegheny, Conemaugh and Monongahela. 

POTTSVILLE SERIES 

The Pottsville is the basal series of the Pennsylvanian system and is of vast 
importance for its mineral resources. The total area of such rocks appearing 

the surface in Ohio is not far from 3,760 square miles. It extends over parts 
or all of Trumbull. Mahoning. Geauga, Cuyahoga, Medina, Summit, Portage, 
Wayne, Stark, Holm^, Tuscarawas, Kjiox, Coshocton, Licking. Muskingum, 
Peiry. Fairfield, Hocking, Vinton, Pike, Jackson, Scioto and Lawrence Counties. 
This formation averages about 255 feet in thickness but varies, on account of 
disconformities, between 175 and 400 feet. The Pottsville series comprises all 
tile strata from the Mississippian rocks to tfie base of the Brookville coal. The 
recog^iized and named strata include 12 coal bods, 13 clays. 7 iron ores, 12 sand- 
"stones, 1 conglomerate and numerous shales* Here only the Sharon conglomerate 
and the Massillon and Homewood sandstones need be considered as of more than 
ordinary interest. 


references: Geol. Sur. Ohio. Bulb 23, page^l54; Bull. 31, pages 
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SHARON CONGLOMERATE 

The Sharon conglomerate at the base of the Pottsville series is one of the 
outstandir^ deposits of Ohio. It is of interest for its geolc^cal history, for its 
physiographic and scenic features, for the many uses to which it is applied and 
for its storage and yield of petroleum, natural gas, salt brine and rock water. 
The stone varies in composition from a medium-grained sandstone to a coarse 
pebbly conglomerate, very loosely cemented. The deposits always occupy broad, 
deep depressions, resembling erosion valleys, cut in the older MisSssippian floor. 
The deposits jEpre very erratic in distribution and vary from 10 to 250 feet in thick¬ 
ness, '^'The J|pbles are vein quartz with a high purity. They were derived from 
the Canadi^il granite and gneiss fields to the north and after passing through 
long cycles of weathering and transportation came to rest in great beds in Ohio 
and in areas in adjacent states. In southern Ohio the main fields are in eastern 
Scioto, eastern Pike and western Jackson Counties and in the northern part of the 
State in eastern Wayne, Stark, Mahoning, southern Trumbull. Portage, Summit, 
eastern Medina, southeastern Cuyahoga and Geauga Counties. 

The Sharon conglomerate is the Maxton sand of the driller and in southeastern 
Ohio yields petroleum and natural gas, also brine of fair strength. Where present 
in good development along the outcrop it is an excellent source for rock water and 
for springs, some unusual- It provides also much scenic beauty in both southern 
and northern Ohio such as Rode Run, White’s Gulch, Canter’s Cave, Big Rock, 
Nelson Ledges, Thompson Ledges, Boston Ledges, Cuyahoga Palls and Little 
Mountain. The Sharon conglomerate is of economic importance for the manu¬ 
facture of silica brick, for reduction to the metal silicon, tor pebble aggregate for 
nitrating plants, for paper, stucco work and sand blasting. Some glass and 
foundry sand are produced from selected material. Locally it is used for road 
facing, concrete work and railroad ballast. 

BCASSILLON SANDSTONE 

The Massillon sandstone extends with some wante across the State from 
Youngstown in Mahoning County to the Ohio River in eastern Scioto County. 
It forms prominent exposures in Sdoto, Jackson, Vinton, Hocking, Perry, Mus¬ 
kingum, Coshocton, Holmes, Wayne, Stark and Mahoning Counties. Strati- 
graphicdly the position of the Massillon sandstone is in the lower part of the 
Pottsville series, not far above the Quakertown coal. The thickness or the forma¬ 
tion varies from 5 to 60 feet but the general measurement is between 20 and 45 
feet. This member is usually massive in character, being broken by few bedding 
planes of sharp definition. Commonly it is conspicuously cross bedded, indicatir^ 
its origin in shallow water with movement as along seashores. In texture it 
varies from a fine grained sandstone to one quite coarse or pebbly. The stone 
normally is light gray in color but through weathering it attains snades of drab, 
pink, brown and even variegated. Locally the Massillon sandstone is used in a 
large way for building stone for both lignt and heavy masonry. It is suitable 
also for glass sand, core sand, abrasives, etc. Under shallow covering it yields 
excellent supplies of water both for farm and home consumption and for industrial 
purposes. The Massillon correlates with the First Salt Sand of the driller and 
under deep covering in southeastern Ohio 3 del^ petroleum, natural gas and brine. 

HOMEWOOD SANDSTONE 

The Homewood sandstone is erratically developed along the line of outcrop 
across the state from Mahoning County on the east to Scioto and Lawrence Counties 
on the south. Its stratigraphic j^ition is best defined as lying between the Upper 
Mercer and the Putnam Hill limestones, not uncommonly filling most <rf the 
interval The thickness of the member varies from 6 to 60 feet. Where well 
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developed this sandstone occurs in massive ledges broken by irregular and widely 
spaced bedding planes and by vertical joints. It is somewhat cross-bedded, but 
shows little tendency to part, on weathering, along these planes. The Homewood 
is commonly a fine-textured sandstone. It is composed in the main of well rounded 
quartz grains admixed with a noticeable quantity of mica flakes. The bonding 
components are iron oxides and clay matter. The normal color of the stone is 
rather pleasing, ranging from light gray to soft drab shales. In Ohio the Home- 
wood sandstone has been worked most largely around Zanesville where it was 
employed for years for foundations, retaining walls, culverts, steps, walks and 
house trimmings. 


AIXEGHEKY SERIES 

The Allegheny series in Ohio is of special importance for its great clay beds 
and for its thick and persistent coals and is of some value for its iron ores, shales, 
sandstones and limestones. This series of rocks begins at the base of the Brookville 
coal and includes all the strata to the top of the Upper Freeport coal. The thick¬ 
ness of this section varies from 175 to 2M feet, but averages about 200 feet. The 
area of these rocks exposed at the outcrop is not far from 2,600 square miles. 
Sandstones, part shaly or fine in texture, constitute about 40 per cent of the total 
strata. In a general way the Allegheny series extends in a broad belt from 
Lawrence County on the Ohio River northward and eastward across Jackson, 
Vinton, Hocking, Perry. Athens, Muskingum, Coshocton, Tuscarawas, Stark 
and Jefferson Cwnties to Columbiana County on the Ohio-Pennsylvania state 
line. Small areas are also present in some of the adjoining counties. It contains 
a few sandstones of regional continuity which are of interest for their economic 
value These are Clarion or Hecla, Lower Freeport and Upper Freeport. 

CLARION OR HECLA SANDSTONE 

In Ohio the Clarion is one of the most prominent and persistent sandstones 
in the coal formations. It extends with some rather local wants from Columbiana 
County to Lawrence County. Where present such dep^its take up most of the 
interval between the Putnam Hill limestone and the Clarion coal. The usual range 
in thickness is between 20 and 55 feet. The stone is massive in character, is 
somewhat marked by cross-bedding planes and varies from medium fine to coarse 
in texture. The color range is from nearly white to drab. The common cements 
are iron oxides and clay matter, the latter often predominating. Only locally, 
however, are the bonding components sufficiently strong and weather resistant 
for the stone to be satisfactory for building purposes. The Clarion sandstone has 
had a lon^ and varied use. Formerly in Lawrence, Scioto, Jackson, Gallia, Vinton 
and Hocking Counties it was employed for building the stacks, linings and bridge 
walls of ch^ooal furnaces and for linings of ore kilns. In the Zanesville district 
the Clarion sandstone was used in the construction of some of the finest homes, for 
bidding canal locks, for foundations and for decorative work with brick masonry. 
Further, it supplies stone for various building purposes in Coshocton, Holmes and 
Tuscarawas Counties. 


LOWER FREEPORT SANDSTONE 

The Lower Freeport is far above the average coal formation sandstone in the 
contintiity of the stratum across the state. It outcrops prominently in Columbiana, 
Carroll, Tuscarawas, Coshocton, Muskingum, Perry, Athens, Vinton, Jackson, 
Oallia and Lawrence Counties. Stratigraphically it is placrf in the interval 
between the great Middle Kittanning coal and the Lower Freeport limestone. 
Tht deposits vary from 5 to 75 feet or more in thickness. The Lower Freeport 
sandstone is usually massive in character, more or less marked by cross-bedding 
planes, somewhat micaceous in mineral content and medium coarse but uniform 
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in texturt^ The freshly qucUTied stone varies in color from very light gray, through 
yellowish and drab to reddish brown, the shades depending largely on the state of 
oxidation of the iron components. The chief bonding material is iron oxide in 
the limonite form. In Ohio the Lower Freeport sandstone was employed, as 
early as 1805, for building purposes by the pioneers of Columbiana County. At 
various places along the line of outcrop across the state it has served many purposes 
such as construction of houses, blast furnaces, mills and mill dams, carding mills, 
retaining walls, culverts, bridges,, abutments and foundations. 

UPPER FREEPORT SANDSTONE 

The Upper Freeport sandstone belongs in the interval between the Lower 
Freeport coal and the Bolivar clay, It may be absent from the section, may fill 
only a part of the interval, may occupy all of this space or may expand so that 
it replaces crverilying or underlying beds. It is usually a loosely bonded, medium¬ 
grained sandstone, decidedly micaceous and somewhat ferruginous in character. 
Clay matter also forms part of the bond. It is always cross-bedded, the planes 
being best marked on weathered surfaces. The color of the rock varies from light 
gray to brownish buff, the intensity of the shade depending on the quantity of the 
iron components present and on the degree of weathering. This stratum varies 
in thickness from 1 to 60 feet. The Upper Freeport sandstone is locally developed 
from the Ohio River in Lawrence County, across western Gallia, eastern Vinton, 
western Athens, eastern Perry, central Muskingum, northwestern Guernsey, 
southeastern Tuscarawas, northwestern Carroll and central Columbiana County 
to the Ohio-Pennsylvania state line. This formation has been utilised for common 
building purposes in local areas, for pulpstones in Jefferson County and for molding 
sand in Muskingum and Perry Counties. 

CONEMAUGH SERIES 

The third division of the Pennsylvanian system is the Conemaugh series which 
embraces all the rocks between the top of Upper Freeport coal and the base of the 
Pittsburgh coal and which includes shales, limestones, sandstones, coals, clays, and 
nodular iron ores. The thickness of this rock section varies from 340 to 500 feet 
but the average measurement is close to 400 feet. Conemaugh rocks are expo^ 
in the southeastern part of the State in a btx»ad belt varying from 10 to 20 miles 
in width and extending from the Ohio River in Lawrence County to the Ohio- 
Pcnnsylvania line in Columbiana County. The total area of such rocks eiq^osed 
at the surface in Ohio is not far frewn .3,000 square miles. Some marine strata 
are present in the lower half of the series, the Ames limestone or the Skelley lime¬ 
stone being the highest known formations laid down in the sea. Above this 
horizon the strata are all of fresh water origin or are thus land laid deposits. Fresh 
water deposits are also present in the lower half of the Conemaugh series or below 
the Ames limestone. Sandstones form a prominent part of the entire sections. 
These are usually massive in character and locally well bonded by cementing 
compounds. The most prominent formations are the Lower Mahoning, Buffalo, 
Cow Run and Morgantown sandstones. 

LOWER MAHONING SANDSTONE 

The Lower Mahoning or as usually identified the Mahoning^* sandstone is 
found in the interval between the Upper Freeport coal and the Mahoning coal 
Usually where present it takes most of this interval but locally so thickens that it 
replaces the underlying or the overlying coal. The thickness of the formation 
varies from 5 to 50 feet, but the usual measurement falls between 15 and 35 feet. 
Texturally it changes from a fine-grained to a coarse-grained or even to a con¬ 
glomeratic sandstone. The pebbles, which are of milky quartz and commonly 
not more than one-fourth inch in diameter, are for the most part confined to the 
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basal portion of the deposits The Mahoning sandstone is commonly cToss-teddcd. 
In places this physical feature is prominently developed. Great variation is also 
shown in the hardness and in the weather resistance of the material. In general 
it is poorly cemented and crumbles readily on exposure to the elements. The 
coarse-grained rock is often more firmly tended, as shown by resistant blocks 
strewn along the outcrop and by conspicuous ledges projecting from the hillsides. 
This sandstone is locally well developed in Columbiana, Carroll, Harrison, 
Guernsey, Muskingum and Lawrence Counties. It has been quarried for the 
trade in Harrison County and utilized locally in other places. 

ntJFFALO SANDSTONE 

The Buffalo sandstone is placed a few feet below the Cambridge limestone and 
not far above the Bnish Creek limestone or fossiliferous block shale. The deposits 
are local in distribution, being best developed along Stillwater Creek in Tuscarawas 
County, near Sherrodsvillc in Carroll County and along Leading Creek in Meigs 
County. The thickness of the member not often exceeds 30 feet, Where well 
developed the stone is massive in (rharacter, coarse to pebbly in texture and gray 
to bun in (;olor. It weathers well, bec^oming darker through exposure. The 
Buffalo sandstone has been quarried in a large way at a few places for stone for 
houses, churches, schools and heavy masonry. Under deep covering it becomes 
the Buell Run sand of the driller and yields petroleum, natural gas and brine. 

cow RUN SANDSTONE 

The Cow Run sandstone is of local development in Ohio It is well repre¬ 
sented by exposures along the Muskingum RivtT in Muskingum and Morgan 
Counties. Stratigraphically the membt^r lies on or only a few feet above the 
Anderson coal and on the average about 45 feet below the Ames limestone. The 
thickness of the member varies from 5 to 40 feet, but averages about 20 feet. It is 
coarse grained, loosely cemented, light gray to drab in color and without definite 
partings or bedding planes Along the Muskingum River in southern Muskingum 
and northern Morgan Counties the Cow Run sandstone was quarried in a large 
way for shi])ment and for local use. The chief purposes for which it was utilized 
were canal locks, bridge piers, abutments, culverts, ctanis, foundations and retaining 
walls. To a less extent it was employed for steps, caps, sills, ('himneys, fireplaces, 
cellars and spring houses. The Cow Run is also one of the great sands of the oil 
driller and very important in Morgan, Washington, Noble and Athens Counties. 

MORGANTOWN SANDSTONE 

The Morgantown sandstone is well described by Condit;" “Like all the sand¬ 
stones of the Conemaugh, this l^ed is very irregular in its occurrence, being con¬ 
spicuous in one place and entirely wanting a short distance away. The rock 
varies from a fine-grained, bluish gray freestone, similar to the Beriya at Cleveland, 
id a coarse-graini, massive, yellowish gray bed 30 fet‘t or more in thickness 
Where present in massive form, the Morgantown sandstone is seldom separated 
from the underl 3 dng 4riies fossiliferous limestone by more than 25 feet of shale, 
and often the interval is only 10 to 15 feet. This stratum is found over much 
of the eastern part of Ohio, where geologically due, and varies in thickness from 
15 to 30 feet. The ^eatest thickness in eastern Ohio is probably in southeastern 
Carroll County and in the adjacent parts of Harrison. It is also well developed 
locally in Muskingum, Morgan, Athens, Metgs and Gallia Counties.” It provides 
many farms and villages along 4ind near its outcrop with a satisfactory water 
supply and is the Wolf Creek sand of the oil driller. 


>K>eo]. Survey of Ohio, Bull. 17, pages 25-26. 
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MONONGAHELA SERIES 

The Monongahela series in Ohio is confined to a belt varying from 5 to 40 
miles in width and bordering the Ohio River or not far back from this stream from 
northern Jefferson County to southern Lawrence County. Rocks belonging 
to this series are found in eastern Lawrence, eastern Gallia, Meigs, eastern Athens, 
Washington, Morgan, southeastern Muskingum, Noble, Monroe, southern Guern¬ 
sey, Bdmont, eastern Harrison and Jefferson Ck)unties. The area of outcrop is 
about 1,213 square miles and the total area in Ohio, with the overlying Permian, 
is approximatdy 2,980 square miles. The general thickness of the series varies 
from 236 to 263 feet but averages 248 feet. This section begins at the base of the 
Pittsburgh coal and ends at the top of the Waynesburg coal. It is made up mainly 
of shales, fresh-water limestones and sandstones, but it also contains coals, clays 
and nodular iron ores. Pew of the sandstones are persistent over wide areas, the 
chief ones ate Lower Sewickley, Upper Sewickley and Uniontown. In general 
these sandstones lack purity and are not weather-resistant, hence they have been 
of little economic value. The most important is the Upper Sewickley. 

UPPER SEWICKLEY SANDSTONE 

The Upper Sewickley sandstone is present only in local areas along the western 
and southern margins of the Monongahela field of rocks in Ohio. This member is 
best represented in eastern Noble, north central Washington, southeastern 
Muskingum and southern Meigs counties Such deposits usually expand or 
contract erratically and suddenly between the limits of 1 and 70 feet. The Upper 
Sewickley sandstone is not distinctive in texture, in structure or in composition 
from other sandstone in the upper part of the Pennsylvanian system. Only 
locally is it sufficiently well bonded for building stone and heavy masonry. It 
has been utilised to a small extent near Pomeroy in Me^s County and along 
Duck Creek in Noble and Washington Counties. It is the Goose Run sand of the 
oil driller, locally providing small fields. Where present along the outcrop it 
performs a service for a water supply to farms and villages. 

Permian System 

« 

DUNKARD SERIES 

The Dunkard series of rocks in Ohio is confined to a narrow belt bordering the 
Ohio River and extending from southern Jefferson County across Belmont, Monroe, 
Washington and Athens Counties to southern Meigs County. Small outl 3 ring 
tracts arc also present in southern Noble and eastern Morgan Counties. The 
total area is not far from 1,767 square miles. The maximum thickness of this 
series of rocks in Ohio is approximately 626 feet. It includes sandstones, shales, 
limestones in quantity and clays and coals in thin beds. The sandstones recognized 
geologically are; in ascending order, Waynesburg, Maimington, Lower Marietta, 
Upper Marietta, Hundred, Jollytown, Fish Creek, Nineveh and Gilmore. These 
make up nearly 45 per cent of the total section. Such sandstones have been used 
in a large way for the grindstone and pulpstone industry in the Marietta district. 
Of these the ones of most importance are the Upper Marietta and the Hundred. 

UPPER MARIETTA SANDSTONE 

This sandstone came into prominence for its use in the manufacture of grind¬ 
stone and pulpstones. It is described by Stauffer and Schroyer as follows:** 
“This is an exceedingly massive sandstone showing ratte indistinct lamination 
which occasionally is very pronotmeed. It is a medium grained sandstone which 
at places becomes very coarse. On fresh exposures.the color is gray, but it weathers 

**GeoK Sur, of Ohio, Fourth Series, Bull. 22, page 20. 



No. 2 


SANDSTONES AND CONGLOBffBEATES IN OHIO 


87 


to a buif or even a brownish color. This is the chief grindstone horizon of the 
Marietta region and the rock was named by I. C. Wliite from the outcrop and 
numerous quarries in it in the vicinity of that city." 

HUNDRED SANDSTONE 

The Hundred is one of the conspicuous sandstones in the Washington formation 
of the Dunkard series. Its area of outcrop is small and is largely confined to the 
deep Parkersburg-Lorain syncline in the western part of Washington County. 
The description given by Stauffer and Schroyer follows:^® "The Hundred sandstone 
as it occurs in Ohio is a coarse massive rock made up of sharp quartz grains rather 
well cemented with lime. The lower half of the deposit is likely to contain quartz 
pebbles, and sometimes they are abundant and rather large. Ripple marks are 
common and the mud covered surfaces of some layers show well developed sun 
cracks. Light-colored mica, probably muscovite, is distributed throughout, but 
the dark micas are rare. Hard brown masses of boulder-like shape occur in the 
upper part of this sandstone in the vicinity of Marietta and have probably been 
formed by the deposition of an excess of iron which in such spots acts as the chief 
cement. It is one of the sandstones used in the manufacture of grindstones in 
Ohio where its horizon is \A0 feet below the Nineveh limestone." 


Uses of Sandstones, Conglomerates and Sands 


Sandstone for abrasive purposes: 
Grindstones. 

Pulpstones for grinding paper pulp. 

Wheels for grinding tan bark (pioneer 
days). 

Whetstones, 

Rubbing stones, 

Buhr-stones (Peninsula Quarry, pioneer 
days). 

Millstones, chasers and dragstones. 

Stones for grinding paint pigments (pioneer 
days). 

Sand for abrasive uses: 

Sandpaper and sand belts. 

Sand blasting. 

Scouring powers and pastes. 

Buffing compounds. 

Soaps and detergents. 

Frosting glass, 

Stone and marble polishing. 

Rawing stone with blade or wire. 

Cleaning by tumbling. 

Sand for railroad use: 

Sanding rails of steam railroads. 

Sanding raili^ of electric railroads. 

Sand for filtering purposes: 

Municipal water purification. 

Industrial water purification. 

Household water purificatiep. 

Oil refining. 


Sand for foundry purposes: 

Molding sand for iron, steel, brass, bronze, 
aluminum, Dow-metal, etc, 

Core sand. 

Opening and parting sand. 

Finely ground sand for foundry mold wash. 

Sand foi* ceramic uses: 

Potters flint for china and porcelain 
bodies and for glazes and enamels. 
Setting and packing saggers 
Sanding brick in setting. 

Sanding molds in common brick making. 
As component in sand-lime brick. 

Sand and clay mixtures for kiln daubing. 

Sandstone for refractory pufposes: 

Hearths and linings of charcoal furnaces 
(pioneer days). 

Walls of charcoal furnaces. 

Lining hearths of forges (pioneer days). 
Lining Bessemer converters (ganister 
used). 

Lining of cupolas. 

Lming of lime kilns (not common). 

Lining of ore-roasting kilns (pioneer days). 
Lining brick kilns (pioneer days). 

Hearths and chimneys of homes. 

Lining baking ovens (pioneer days). 
Sandstone base for kettle in tar making 
(pioneer days). 


**Geo1. Sur., Ohio, Fourth Series, Bull- 22, pages 20 and 21. 
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Sand for refractory purpr>seK: 

Paokinji walls of charcoal furnaces (pioneer 
clays). 

Pig Ijeds at blast furnaces. 

Slag ruiuiers at blast furnaces. 

Uses of sandstone formations under deep 
covering: 

Accumulation of petroleum. ♦ 

Accumulation of natural gas. 

Storage of natural and artificial gas. 
Source for brine 
Souffle of potable water. 

Various uses of conglomerates or pebbles 
therefrom: 

I^ebbles for reduction to the metal silicon 
Pebbles for tar roofing. 

Pebbles for chicken grit. 

Pebbles for greenhouse purposes. 

Pebbles for facing c’oncrete blocks. 

Pebbles for facing stucco walls. 

Pebbles for nitrating beds in sewage dis- 
j)Osttl plants. 

Conglomerate for manufacture of silica 
brick. 

Conglomerate for roads and driveways 
Conglomerate for walks and terraces. 
Conglomerates for sand blasting. 
Conglomerates for railroad ballast. 
Conglomerates for concrete. 

Conglomerate stone for decorative effects 
m walls, chimneys, gardens, etc 

Sand used in building materials: 

Mortars. 

Plasters. 

Cen^ent mixtures. 

Asbestos shingles and tiles 
Mastic for walls, joints, etc. 

Asphalt paving mixtures. 

Comp^jsition flooring. 

Cyi>fium plaster combinations. 

'I'o keep rolled tar paper and shingles from 
sticking. 

Sandstone for construction jjurposes: 

Mill dams. 

Mills and factories. 

Mill blocks. 

C^anal locks and aqueducts. 

Bridges 

Bridge and ice piers. 

Abutments 

Arches. 

Culverts. 


Retaining walls. 

Riprap. 

Breakwater stone. 

Railroad ballast. 

Road stone. 

Paving block. 

Rubble stone 

Building stone, facing, sills, lintels, etc. 
Foundations. 

Underpinnings 

Platforms. 

Steps. 

Walks and sidewalks. 

PlaKginK. 

Curbing. 

Burial vaults. 

Tombstones 

Mausoleums. 

Baae of monuments. 

Burial lot markers. 

Stone fences. 

Stone fence posts. 

Silica for chemical uses: 

Comixwient for cements 
Component of certain slags, 
fkidium silicate manufacture 
Silicon carbide (carborundum) 
manufacture. 

Control of clinker in coal. 

Silicon tetrachloride for use in screening 
vessels. 

Sihca acid, silica gel, for an absorbent, 
Silicon tetramethyl. Si(CH 2)4 for chemical 

IISC‘S. 

Sihcontetra ethyl Si (CiH &)4 for chemical 
uses. 

Finely ground sand: 

Body in paints 
Antioxidants. 

Cosmetics and dentifrices. 

Filler in rubl>er. 

Wood filler. 

Other uses: 

Sand for standard cement testing. 

Sand for chemical laboratory use. 

Sand for sanding roads when icy. 

Sand for foundations of pavements. 

Sand for filler of fertilisers. 
vSand for t>edding in stock cars. 

Sand for tSe by blacksmiths in welding 
iron and steel. 

Sand for uee in mechanical toys. 



A NEW GENUS MEXICANANUS AND SPECIES OP LEAFHOPPER 
PROM MEXICO RELATED TO PHLEPSIUS 
AND TEXANANUS 


DWIGHT M. DeLONG, 

Department of Zoology and Entomology, 

Ohio Stale University 

Most of the Mexican sptx'ies of this general group se^m to fit rather definitely 
into one of the two described genera Phlepsius and Texananus which contain 
the species of the “Phlepsius’" group found in the United States and Canada. 
The species described at this time seems to have some characters found in each 
of these genera and a new genus is being erected for its inclusion 

Genus Mexicananus nov. 

Vertex narrow, producetl, bluntlv angled, decidedly more prodm ed and f)ointed than in the 
hliort roun<l-headed s|>e(‘ies of the coslomaculatus group. The pronotum is broader than the 
\ ertex, the humeral angles being strongly produced and angled. Body narrow, elongate, gradually 
tapering to a narrow apex. Elytra long and narrow’. Venation of elytra and ('olor markings 
resembling those of costomaculatus. The wider pronotum shows a relationship to 1 exananus, the 
produ<*ed jxMnled vertex is more like the si>et les of Phlepsius and tlie superfii ud appearance of 
Lo^lovtacuUiius indkates a (lose relationship to tlial fiortion of the Phlepsius genus. Oenotype, 
Mexicananus levis, n sp 

Mexicananus levis, n 'ip. 

Superficially resembling ccntomaculatus but with a more produced angled vertex and with 
vertex narrower than the pronotum I^ength, female. H mm 

Vertex prodiu*ed and bluntlv angled, more than half as long as basal width between the eyes. 
Humeral angles of pronotum extending beyond the eyes lilytra long and narrow. 

Color: Vertex pale with a short oblique orange dash extending from apex toward inner 
basal margin of each eye. A brown s|)ot on margin next etich ocellus, and another on base about 
lialt way on either side of middle. Pronotum with an irregular longitudinal browm stripe extend¬ 
ing from spots on base of vertex A shorter bnjwn mark behind etieh eye on disc of pronotum. 
Si'utellum with a small black spot on each side of apex. Elvira i>ale, subhyaline, except for 
the four brown spots where the veins unite with the costa. An irregular brown longitudinal 
stripe extends from this basal spcjt to middle of apex of elytron. Clavfd area with faint markings. 
K'^ce !.>elow antennae with dark brown arcs. 

Genitalia: Female last ventral segment about twice as long as preceding segment, fiostenor 
margin truncate. 

Holotyt>e female collecjjed at Ftneu Vergel, Valley of the Rio Huixtla in Chiapas, Mexi(». 
(t'lev., 2600 ft), May 23. 1935, by Dr Alfonse Dampf. 



NEW COLfiOPTERA WITH NOTES 

(Buprestidae and Cerambycidae) 


JOSEF N. KNULL, 

The Ohio State University, Department ol Zoolo^ and Entomology 
'Columbus» Ohio 


Dicerca querd cajoneniis n. subsp. 

Fetmile ,—This subspecies differs from D. guerci KnuU in the following ways: Pronotum with 
sides subparallel on basal two^thirds, then eumtdy roimded to apex. In D, querd KnuU they 
are expanded in front of middle, surface more finely confiuently punctate. Elytra more finely 
confluentty punctate, smooth callosities less numerous. Last visible abdominal stemite less 
acute, apex sinuate each side of median lobe, acutely rounded in the species. Posterior coxal 
plate lacking prominent tooth on margin. 

Length 20.6 mm.; width 8,5 mm. 

Holotype female in writer^s collection taken on oak at Cajon Pass, Cal,, June 8, 1040, by 
D. J. & J. N. Knull. 

Taphrocenia buadiucaiius n. sp. 

Male ,—Form elongate; dark shining bronse throughout; irregular short pubescence forming 
an indistinct design, a transverse patch on basal fourth, a narrower transverse patch back of 
middle extending forward in middle of each elytron and as apical transverse patch. 

Head convex, front slightly concave, median depression slight? surface densely finely 
punctate, punctures lighter and less numerous on vertex, pubescence becoming very dense on 
front. 

Pronotum wider than long, widest at base, sides deflected in front; disk convex, with trans¬ 
verse basal depression and strong lateral depression on each side; surface punctate, more numerous 
on all four sides, each puncture bearing an appressed white hair, Scutcllum triangular impunctate. 

Elytra wider than base of pronotum; sides constricted back of humeral angles, expanded 
back of middle, then oblique to obtusely rounded apices, apices serrulate on outer edge; disk 
flattened, a fine sinuate carina running parallel to outer margin, a humeral depression each side; 
surface densely coarsely punctured, punctures arranged in irregular rows becoming smaUer 
posteriorly. 

Ventral surface with well separated large shallow oval punctures. 

Length 3.4 mm.; width 1.2 mm. 

Females —Differs from male by the lack of dense pubescence on front. 

Holotype male and allotype collected in Huachuca Mts., Ariz., September 0, 1988, by D. J. 
& J. N. Knull. Paratypes from Ariasona; Huachuca Mts., above date and July 20, Atigust 18; 
Patagonia Mts,, July 20; Williams, July 9, and Oak Creek Can., August 15, all D. J. & J. N. 
KnuU. Huachuca Mts., July 28, J. S, Hine; Sierra Ancha Mts., D. K. Duncan; Ruby, July 13; 
Arivoca, July 20; Huachuca Mts., July 9, all R. H. Beamer, last locality and date D. E. Hardy; 
Oak Creek Can., August, 6000 ft., F, H. Snow, New Mexico; Silver City, July 22 and Ruldoso, 
June 26, R. H. Beamer. 

Holotype, allotype and paratypes in writer's collection; paratypes in University of Kansas 
and The Ohio State University collections. 

This species can be separated from eastern species of the T, gradlis (Say) complex by being 
bronze in color, more coarsely punctured dytra, and by structure of male genitalia. 

A study of the male genitalia of specimens formerly grouped under T. gracilis (Say) shows 
considerable difference in form and more them one species wiU have to be recognized. Just what 
names to apply to the species is a question since the types d the described forme are not available 
for study. The accompanying figures wiU show the differences in male genitalia, 
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Tftfihtocents nicrtayi Obenb. 

I consider this to be the small form which we have frequently confused with T. gracUis 
(Say), althougfh the male genitidia of the two are identicid and distribution reoords agree. Dr. 
Obenberger> points out the differences in the two species. 

Taphrocerua howcrdl Obenb. 

I consider this to be the form frequently confused with T. gro^cilis (Say). Specimens are 
at hand from Florida, Brownsville^ Texas, and Vienna, Illinois. , 

Taphrocema achaaflari N. & W. 

This species has a wide distribution and is frequently confused with rubbed specimens of 
T, gracilis (Say). Material is at hand from Texas, Pennsylvania, Dlinois and Ohio. 

Ta|diroeerus agrOoidea Cr. 

Specimens of this southern species have been taken in Cedar Swamp, Champaign County, 
Ohio, July and October, This is interesting for arbor vitae {Thuja occiderUaUs L.) grows in the 
same habitat. 

Rhopalophora prorubra n. sp. 

Head, prothorax, scutellum, mesostemum and middle coxae red, rest of insect black. Head 
and pronotum shining. 

Head convex; surface densely punctured on front, lightly transversely rugose on vertex, 
pubescence short, inconspicuous; antennae eleven-jointed, over two joints extending beyond 
apices of elytra, scape stout, second joint as broad as long, third longer than fourth, fifth longer 
than third, sixth longer than fifth, joints seven and eight equal, nine and ten dimimshing in 
length, eleventh longer than tenth. 

I^notum longer than wide, widest back of middle, wider at base than at apex; sides broadly 
rounded with a slight constriction in front of middle and near base; disk convex with faint trace of 
tubercles each side at middle, base and on side; surface sparsely punctate, punctures small, 
pubescence inconspicuous. Scutellum small. 

Elytra at base wider than pronotum; sides sinuate back of humeri, parallel to apical sixth; 
then broadly rounded to truncate apices, serrulate from middle; disk flat; surface very coarsely 
punctured, punctures separated by less than their own diameters, pubescence conspicuous in 
scutellar region only. 

Abdomen beneath finely punctate, pubescence short, dense. Prostemum finely transversely 
rugose. 

Length 6.4 mm.; width 1.4 mm. 

Described from one specimen in the collection of writer collected by him on flowers in Sabino 
Canyon, Santa Catalina Mts„ Ariz., August 13, 1986, 

This species somewhat resembles awgiatofas Schffr, However, it con be sepai'ated by its 
shorter, more robust form, black elytra, and lack of marked pubescence on dorsal surface. 

^ Ozopliis tumacacotli n. sp. 

Female. —Form short, robust; opaque, abdomen shining. Prothorax, part of el 3 rtra and 
abdomen red; head, antennae, apical and basal margias of pronotum, scut^um, greater part 
of elytra, apical and bas£l margins of prostemum, ventral portions of meso- and metathorax 
and black. 

Head confluently punctate, vertex transversely strigate, surface densely pubescent; antennae 
eleven-join ted, slender, reaching end of elytra, scape stout, second joint as tong as wide, third 
Joint longest, ^urth and fifth equal, each dightly shorter than third, sixth to ^venth gradually 
shorter, last joint sharply pointed at end, longer than tenth, joints six to eleven slightly serrate. 

Pronotum one and one-half thnes as wide as long, constricted at base and apex, wider at base 
than at ax>ex; sides strongly rounded, forming an obtuse tubercle at middle; surface convex, faint 


^J. Obenberger, Sbomik entom. odd, Ndr. Muses v. Prase., II-IS, p. 70, 1024. 
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indications of on« median and two lateral tubercles on each side, coarsely conAuently punctured, 
golden, short pubescence dense^ a few longer hairs each side. Scutellum triangular, produced 
into a sharp point posteriorly; surface densely punctured, punctures same size as on elytra. 

Elytra at base wider than widest part pronotum; sides subparallel, broadly rounded on 
apical fourth, apices sinuately truncate, sutural margin produced into a short spine; surface 
densely punctate, punctures much smaller than on pronotum, of same size over entire surface, 
separated by less than their own diameters, short recumbent pubescence dense. 

Abdomen beneath densely puncta|e, clothed with thin gray pubescence. Prosternum 
finely confluently punctate. Legs slender, coarsely punctate. 

Length 15.5 mm.; width 4.8 mm. 

Mak. —Form more slender; elytra red with dark irregular stripe along suture extending from 
back of scutellum to apical fourth; beneath with pro- and mesostemum and posterior coxae 
black, abdomen and most of metasternum red. Antennae extending over three joints beyond 
elytral apices, hist joint appendiculute, resembling a twelfth joint. 

Holotype male in copulation with allotype and one male paratype taken in Tumacacori 
Mtfi , Ariz., August 24, 1940, by D. J. & J. N. Knull. One female paratype from Santa Rita 
Mts., Pima Co , Ariz., September 9, 1925, collected by C. T. Vorhies. Type material in writer's 
collection. 

This species can be separated from 0, cruentus Lee , its nearest ally, by its small form, more 
(on vex pronotum with more obtuse spine and markings of elytra. 

Ooea pulcher fuscatua n. var. 

"“Slightly more slender than G. pulcher (Hald.), General bat'.kground darker brown. 
Pubescence of head, antennae, thorax, scutellum, elytra, ventral surface and legs light gray. 
Transverse basal area darker, i^atch of pubescence back of middle lighter brown and apical area 
with darker brown pubescence. 

Length 22 mm,; width 7 mm 

Female. —Shorter antennae, color of background and pubescence agreeim^ with male. 

Holotype male from McCurtain Co., Okla., June 27, A, Elred; allotype from Pine Valley, 
Okla., July, 1938, L. G. Duck, in writer's collection. 

The varietal name is proposed for a form looking quite different from 6\ pulcher (Hald.) and 
ot‘curring out of the recorded range of this species. 

AnopUum arniile Schffr. 

Reared from dead inflorescence stem of yucca collected in the Chiricahua Mts., Ariz. 

Schizaz senex Lee . 

Specimens were reared from six-inch cut branches of hackberry {Celiis reticulaki Torr.) from 
f)ak Creek Canyon, Ariz. Larvae of Chariessa ekzans Horn were feeding on the Schizax larvae. 

Psa^MTOclinta qoadrigibbus (Say) 

Adults were collected from mesquite at Brownsville, Texas, May 7 to June 1. These speci¬ 
mens are much lighter in color and the white markings on the elytra are somewhat darker than 
in our eastern material. 


EXPLANATION OP PLATE 

1. Female Oxoplus tumacacorii n. sp. 

2. Male genitalia of Taphrocerus gracilis (Say). Dorsal view on left. 

3. Male Taphrocerus huackuemus n. sp. 

4. Male genitalia of Taphrocerus kuachucanus n. sp. 

6. Male genitaha of Taphrocerus houfardi Obeab, 

6. Male genitalia of Taf^rocerus scHa^eri N; W. 

7. khop^ophora prorubfa n. sp.’ 

8. Female Dicerca qUeref cajonensis n. subsp. 









FURTHER STUDIES ON DISTRIBUTION AND TAXONOMY OF 
OHIO CRAYFISHES, AND THE DESCRIPTION OF 
A NEW SUBSPECIES 

RENDELL RHOADES. 

Ohio Division of Conservation and Natiiral ResourceSt 
Wilmington College, 

Wilmington, Ohio 

The first reference to Ohio crayfishes of which I am aware was made by Girard 
(1852: 88) Other references followed until by 1870 Hagen was able to include 
in his monograph several records from southeasteni and central Ohio. About 
1880 Faxon collecU^d material from the Little Miami River during his visit to 
Antioch College, Yellow Springs, Ohio. Near the turn of the century, Osbum 
and Williamson (1898: 21) and Williamson (1899: 47-48) collected crayfishes in 
many Ohio localities, and in recording their collections laid the foundation of the 
study of Ohio crayfishes. During 1929-1921 the Ohio Survey Party collected 
widely in Ohio and from the collections Turner (1926) published a well annotated 
list of thirteen si)ecies and subspecies This is the most complete publication on 
Ohio crayfishes to date. 

The present paper is intended as a supplement to Turner’s work. In it are 
described a new subspecies from Ohio, Cambarus bartoni sciotensis; a species and a 
subspecies are added to the state list; and the distribution of several other species 
more clearly defined through the addition of about fifteen hundred new records. 
1*7 this paper only the counties from which Turner has not recorded a species are 
given. The total number of crayfishes now known to occur in Ohio is seventeen. 

* f 

Discussion of Species 

ProcambaruB blandiogl acutus (Girard) (1852) 

Cambarus (Cambarus) bUndingii acutua Girard 

Additional county records: Allen, Auglaisse, Delaware, Hardin, Huron, Marion. 

The species ha$ been reported to me from Richland and Ashland counties by Mr. Fred 
I^ke who gave an unmistakable description. However, the Ashland College Biology Depart¬ 
ment survey under the direction of Mrs Mary Auten Trautman failed to chsolose the presence 
of the species in that county. 


Orcouectes aloaoi (Bundy) (1870) 

There have been no significant additions to the distribution of this species since my paper 
(Rhoades, 1941: 03-98), except that it has been found common in Clear Creek juid its spring-fed 
tributaries cost of the Great Miami River in Warren County, 

Orconectea iiropiaquus sanborni (Faxon) (1884) 

Camb«ni» (FaxoniuB) proquinquua swabonii Faxon 

Additional county records: Adams, Ashtabula (U. S. N. M.), (Comegie Mus.), Carroll 
(Carnegie Mus.), Clermont, Hamilton, Highland, Holmes, Jackson, Meigs, Ottawa, Pike, Rich¬ 
land, Ross, Starke (Carne^e Mus.), (U. S. N. M.), Trumbull (Mus. Zool., Univ. Mich.), 
Washington. 

The species U present in the Ohio River as far west as the mouth of the Little Miami River 
and it has become established in certain tributary streams on the unglaciated Cumberland 
Plateau west to Clermont County. Its western limit conforms more closely with the western 
edge of the exposed Devonian shales and sandstones than It does to drainage areas. 

* 95 
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Oroott«ctei nutieiia rattlea> (Girard) (1852) 

Cambtma (Faxoaitis) matieua Girard 

Additkmal county records; Brown» Champaign* Claric, Clermont, Clinton, Crawford, Darke^ 
Geauga, Hancock (Mus. TkxA,, Univ. MichO* Hardin, Highland, Jackson, Lawrence, Miami, 
Ottawa (U. S, N. M.), Pike, Prsfclc, Sandusky, Van Wert, Washington, Wyandot (U. S. N. M.). 

The range of this species in the southern counties is overlapped by 0, p. sanborni from the 
east, 0. juvenilis from the south and O, sloani from the west. With the investigation ol the 
northeastern counties the rusUcus distribution becomes more widespread, extending into the 
western end of Lake Erie. It is logical^ in light of its preference for a limestone habitat, that it 
should occur there. Records east of the western limit of the Devonian shale and sandstone 
formations in Ohio may be the result of introductions from our western Ohio state dsh farms 
to '^islands'* of limestcme in an area of silidous rock. Incidentally, successful introductions are 
apparently rather rare. 

Orconectes juvenlHa (Hagen) (1870) 

CambaruB (Faxonlua) juvenilis Hagen 

Additional county records: Adams, Brown, Clermont, Hamilton. 

This species is more widespread and abundant than Turner’s two records indicate. It 
seldom occurs associated with other stream species, except in the Ohio River from the mouth 
of the Big Sandy River to the Falls of the Ohio. 

C Juvenilis is indicative of a Cumberland River influence in southern Ohio. The degree of 
difference in specimens from the Cumberland River and the Big Sandy River is slight. The 
Big Sandy and the southern Ohio juvenilis are remarkably close in the length and width of the 
areola, the shape of the rostrum, the prominent median carina, and the markings of the chela. 
This has probably resulted from a direct path of migration northward from the Cumberland 
Mountains by way of the Big Sandy River and the Ohio. The life history is similar to that 
of other species of the southern Appalachians but unique among the Ohio crayflahes. 

OrconectoB viriUi (Hagen) (1870) 

CambaruB (Faxoniua) vlriUa Hagen 

Turner stated (1926:176-177) that O. virilis occurs in the Great Miami drainage near Dayton 
and in Scioto County but thus far no specimens have been discovered to substantiate these 
records. The species is probably not present in southern Ohio since it requires an ecological 
situation more commonly found in northern streams. Undoubtedly, tdriHs will be found to 
occur in the extreme northeastern counties of the state as Turner has indicated, 

Oroonectea immunls Immunig (Hagen) (1870) 

Combanu (Faxoniua) immunia Hagen 

Additional county records; Darke, Miami, Preble, Putnam, Van Wert. 

Several specimens have been received from "Forty Acre Pond, Sec. 27, Noble Twp., Auglaize 
County" which have been tontativdy assigned to the subspecies, 0, immunis spinirostriSf until 
the status of the species and subspecies ia determined. 

Cambarua barton! adotanaia n. subsp. 

Type Locality: Limestone Cliffs below O’Shaughneasy Dam, Sdoto River, Sec. 3, Liberty 
Twp., Delaware County, Ohio. (3 m. I; 4 f., September 27, 1937, R. Rhoades, coll.). 

The holotype, male, form I, the allotype, male, form 11, and the allotype, female, are- 
deposited in the Umted States National Museum, Paratypes, a male, form I, and a female, are 
deposited in the Ohio State Museum. Paratypes from the same locality are retained in my 
collection. Paratypes from "Leatherlips Riffle," Scioto River, Sec. 4, Concord Twp. and Sdotev 
Twp., Delaware County, Ohio, are deposited in the Museum of Comparative Zoology. 

Additional specimens have been examined from Fairfldd, Fran^in, Delaware, Pickaway* 
Ross, Scioto, and Union counties. Turner’s records for C* bartoni rabustus from the Sdoto River 
should be included in this subspecies. 
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Differentia] Characters; Caff^>arus barUmi schiemist here described, is unlike C, barioni 
borUmi by having more converging margins of the rostrum and a wider, longer areola. It is 
unlike C. baHoni robustus in lacking the prominent contraction above and below at the base of 
the immovable finger. The tip of the inner ramus of the male, form 1, gonopod is bulbous and 
constricted into a minute rounded tip. C. b. sciotenHi differs from Canibarus montonus montanus 
by having a much longer and slightly narrower areola and the chela and fingers are rather smooth. 

This subspecies is intermediate between C. m. monianus of the Appalachians and the C. 6. 
robustus of the St. Lawrence drainage. It is doubtful if its presence in the Scioto River indicates 
a path of migration. 

Distribution and Ecology: This subspecies occurs in the larger streams of the Scioto River 
drainage where its habitat is the large, fast riffles and where it spends its entire life. In this 
respect it is unlike C. 6. barUmi which inhabits small and medium siaed streams, and the adults 
of which burrow when the stream becomes intermittent. 

Cambarua bartonl bartoni (Pabricius) <1798) 

Cambania (Cambarua) bartoni (Pabricius) 

Additional county records; Adams, Brown, Champaign, Clark, Clermont, Clinton, Columbi¬ 
ana, Darke, Pairfi^d (O. S. M.), Payette, Gallia, Hamilton,‘ Highland, Hocking, Lawrence, 
Licking, Logan, Madison, Miami, Montgomery, Muskingum, Perry, Pickaway, Pike, Ross, 
Scioto, Vinton, Wayne. 

This species is probably distributed throughout the counties of the Ohio River drainage and 
many of the counties of th% Lake Erie drainage near the watershed. Ohio is on the northern 
limit of the distribution of this species and most Ohio specimens are not typical with specimens 
from the type locality in the vicinity of Philadelphia of from the accepted center of origin of the 
species in the southern AppalachianEf. The areola becomes progressingly longer and narrower 
toward the northeast. The length of the areola of Scioto County specimens is from 34 to 36 
per cent of the total length of the carapace, and its width is from 11 to 90 per cent of its own lengthi 
Specimens from the Mad River drainage measure from 37 to 41 per cent and 9 to 15 per cent 
respectively. This variation is acoompatiied by a loss ^f acuteness of the armature of the 
chdipeds. 

In addition, the Mad River specimens possess a plane, broad, quadrangular rostrum which 
sharply contracts into an abbreviated acumen. Occasional specimens appear to have a carinatad 
rostrum. The chdae, having the spines and tubercles in normal positions, are broadly triangular 
and the fingers are widely gaping in old males. If we apply Ortmann's criteria for determining 
specialization among crayfishes, the Mad River drainage race seems to be the most specialized 
of the Ohio C, h, bartoni. 


Cambarut bartoni laevis Faxon (1914) 

This subspecies constitutes an addition to the list of crayfishes of Ohio. It has been collected 
recently in Brown, Butler, Clinton, Hamilton, Miamit Montgomery* Preble, and Warren counties. 

C. bartoni laevis is found under a variety of conditions. It inhabits small intermittent 
Streams where it burrows \mder pieces of stone for a short distance, and during drought may 
extend its burrows considerably to reach the water level. Toward the northern limit of its 
range it often burrows along the swampy margins of streams in calamus beds. It avoids cold 
brooks which compose the common habitat of C. b, barUmi. 

C. b. laevist which is"*usually lighter in color than C. b. bartdnit can be easily distinguished 
by the long, linear areola. The rostrum is somewhat shorter than in bartoni and the margins 
gently converge into a i-ather long acumen. The carapace is slightly depressed and nearly smooth 
with only a few large granules on the sides of the hepatic region. The inner tip of the male, form 
I, gonopod is more strongly recurved and distinctly separated from the outer tip. The annulus 
ventralis is not distinctly different from C. b. bartoni except that it is more circular in outline. 

^Turner included one record from Hamilton County on Map 5 (p. 1S4), but failed to include 
the locality in his list of Ohio records (p. 185). 
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CambaniB ortmuuii Williamson (1907) 

In the <‘oUeotions of the Museum of Comparative Zoology there is a specimen (M. C. Z., 
No. 243) from “Cincinnati, Ohio/’ which Hagen (1870: 78-79) called C. hartoni. Faxon (1886:64) 
referred to this specimen and attempted to establish its affinity with Cambarus laHmanus. He 
later (1914; 394-396) assigned the specimen to C ortmanm. The doubt concerning the validity 
of the label and the detail with which Williamson discussetl the limited range of his species caused 
biibsequenl authors to disregard this record. 

Recent collections of this species have been taken in Auglaize, Butler, Clinton, Hamilton, 
Preble, and Warren ('onnties 

The species is a burrower like Cambarus diogenes, but unlike that spet-ies builds a low wide 
chimney. Williamson found his Wells County, Indiana, spei'imens on stream margins and this 
is its usual habitat niche in Ohio. U is found on the old canal beds which have become swampy 
and often occurs associated with C. b laevts In the metropolitan area of Cincinnati C ortnianni 
persists commonly where the water table is close to the surface. 

C ortmanm is readily distinguished from the other cam bands of Ohio by the very high, 
siibquadrangular cephalothorax and the depressed, rwiuced rostrum The areola is slightly 
longer and narrower than in C. h, latvis. The gonofxKis of the male, form 1, resemble more closely 
the members of the diogcnes section. The annulus ventralis has a high tx>sterior wall and is 
c ircular in outline. The abdomen is notw'efibly shorter than the cephalothorax 

Cambarus fodiens (Cottle) (1863) 

Cambarus argiUicola Faxon (1884) • 

Additional county records. Auglaize, Fulton, Mercer, Van Wert 

Tumei-’s records for this species were mostly from the north-I’entral counties. Mr. Clark 
has provided me with records from the four counties mentioned above He has obtained the 
specimens from woc>dland jiools in early spring. 

Cambarus diogeues Girard (1862) 

Cambarus (Cambarus) diogeues Girard 

Additional county retxjrds: Brown, Butler, Champaign, Clark, Clinton, Clermont, Darke, 
Defiance (O. S. M.), Hamilton, Greene, Highland, Ivogan^ Lucas (Mus, Zool., Univ. Mich.), 
Mercer, Miami, Pike, Preble, Shelby, Warren. 

This species probably occurs in every county of Ohio as indicated by the widespread retxirdft 
now existing. Specimens from southwestern Ohio have a more lan<*eoIate rostrum, characteristic 
of the western race of C. dtogene^. 

1 can mention but a few of the many who have i-ontributed to the collection 
which forms the basis of this paper. Mr. Clarence F. Clark, Fish Management 
Agent, Ohio Division of Conservation and Natural Resources, has provided me 
with many records from his own collections from northwestern Ohio. Mr. John 
Z. Felton and Mr. Lee S, Roach, Fish Management Agents, Ohio Division of 
Conservation and Natural Resources, have permitted me to examme their numerous 
collections from southern Ohio. 

I am indebted to Mr. Milton B. Trautman, Research Associate, Franz Theodore 
Stone Laboratory, for his patient and helpful assistance. I wish to thank Dr. 
T. H. Langlois, Chief, Bureau of Fish Management and Propagation, Ohio Division 
of Conservation and Natural Resources, and Mr. Edward S. Thomas, Curator of 
Natural History, Ohio State Museum, who have rendered valuable assistance 
in the preparation of this paper. 
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College Physics 

The author has done niu(;h to make the book interesting and clear: the brief historical back¬ 
grounds for various experiments and principles with an occasional anecdote help to clarify as 
well as make seem familiar these experiments and principles. 

The use of simple numerical computations within the body of the text material to illustrate 
the principle being discussed is helpful; this serves to make the student feel familiar with material 
as well as to clear away any “small last doubts” about the meaning of text. 

The inclusion of problems with answers and problems without answers with a clearly indicated 
correspondence between the two sets of problems is a direct way to train the student. Problem 
working becomes interesting and this charjwteristio gives a definite advantage to the book as, 
a text. * 

The introduction of the chapters with practical everyday physical observations, which 
organizes for the student a kind of general experimental background for the results to be obtained 
in the chapter, formulate a purpose for reding the mat-erial in the chapters and makes the 
principles more acceptable. 

The author has given special attention to the clarification of the usual pitfalls of students 
such as meaning of phrases “head of water,” etc,, and the distinguishing between “mass” and 
weight, etc. 

The last four paragraphs above give charac'teristics of the text that are quite important 
for the avowed ptirix>se of the text: to make the explanations in the book clear enough tnat the 
instructor may devote most of the classroom time to extensions and applications of text material. 
This makes a flexible text—i, e , the text may be used equally conveniently for premedical 
physics courses as for engineering physics course.s—the clnssroorn application would be different. 

The seleotkin of topics is fairly satisfactory and the topics have been arranged in a way 
that IS not disjointed but quite convenient for making' daily assignments cover a chapter at 
a time. 

There are a few possible improvemetits that might be suggested: the diagrams would be 
clearer if the parts of the apparatus or figure shown bore names instead of letters, and if the 
diagrams Were designated not only by a figure but also by a brief explanatory legend. More 
attention should be given to transformations between different systems of units. 

The topic of elasticity is not given enough attention compared to that given to the subject 
ol heat.— Kenneth R* Yates, 

College Pbycica, Abridged, Revised Edition, by H. A. Perkins. Prentice-Hall, New York. 
1943. $4.90. 



BOOK NOTICES 


Steel in Action 

This book attempts to present^ in condensed form* a rather comprehensive survey of the 
field of ferrous materials. Amonj; the subjects dealt with are the history of the use of iron and 
steel, the industrial development, the^ metallurgy and technology, the economic and political 
aspects, and many other ph^es of the subject including some speculation on the probable trends 
of future development. 

The introductory chapter presents a spectacular picture of the ubiqui^ of steel and its great 
variety of uses, from such articles as hair pins to **sfeek ocean liners.’^ This is fallowed in the 
second chapter by a comprehensive historical chronicle of the iron and steel industries throu|:h- 
out the world froin the earliest records to modem times. Of p^icular interest is the discussion 
of Biblical references to iron making, and legends rc^m^ng it in Egypt and Asia Minor during 
Biblical times. Excavations, including the tomb of Tut-ankh-amen, have yielded iron imple¬ 
ments, and iron ivas apparently in use before 3000 B. C. The early history of iron for man^ 
countries, such as, India, China and the Roman Empire, including Spain, Belgium and Gaul, is 
presented. Later developments in Britain, Germany, Sweden and, in colonial times, our own 
country are discussed. Of particular interest are the descriptions of early manufacturing methods 
in this country. These descriptions include some data on prices and wages. 

Under the chapter heading “Manufacture of Iron and Steel" are discussed first, the ores of 
iron with some reference to mining methods; secondly, the production of coke is surveyed, 
with a brief description of the by-products and some figures on yields of both coke and by-prod¬ 
ucts. A condensed, but fairly complete description of the blast furnace, open hearth, Bessemer 
and electric furnaces is followed by a similar discussion of various rolling and finishing processes. 

chapter is well supplied with illustrations and fiow sheets. 

A four page chapter entitled “Carbon Steel" is devoted almost entirely to a discussion of the 
effects of impurities in such steels. 

The discussion of alloy steels includes descriptions of the various alloying elements, e. g.. 
nickel, chromium, tungsten, etc., and their effects on physical properties, heat treatment and 
metollographic structures. 

Prom here on, the author delves into fields which are apparently more to his personal 
interest. The book takes up the iron resources of the world and the constant political struggles 
to dominate these resources. The sources of the ores of iron and its alloyi^ elements are listed 
in great detail as are also the materials that enter into the smelting and renning processes, such as, 
fireclay, limestone and magnesite. The subject of scrap, its importance in sted production and 
its relation to steel business trends arc discussed. As the story develops the positions of the 
various countries with regard to wartime steel production and requirements is elaborately 
pictured and credit is given American industry for its rapid devdopment in meeting tliese 
conditions. The story ends with a glittering picture of ^^diings to coroc’^ in the postwar world. 

The book contains material enough for at least two, much larger volumes. The chapter on 
the early history of steel alone could be expanded into a fasematnu story. The four chapters 
devoted to manufacture and technology are too condensed to be of much value to an^^e not 
already acquainted with the subject, and too element<ury to be of much interest to the initiated. 
The latter half of the book, devoted to the eoonoimc and political aspects of sted, seems 
unconnected with what precedes. 

Throughout the text the reader is presented with fact after fact in rapid succession but each 
statement emphasised with superlatives, apparently to the exclusion of all others. All details 
are included. The author seems unwilling to omit or relegate to tables any of the items of 
production, consumption or cost but recites them in paragraph after paragraph of monotonous 
regularity. 

There are no references given although the material has been selected from many sotirces and 
undoubtedly represents intensive bibtic^aphic research. The author's connection with the 
American Iron and Sted Institute would inmeate that he had spared no pains in collecting his 
material. Certainly a selected bibliography would greatly enhance the technical value of 
the book. 

The scope of the book makes it unsuitable as a text as it indeed is not intended to be. As a 
popular story it would have been better had it been expanded to at least twice its prceent length. 
Nevertheless it contains much important information wid should prove a valuable reference book 
to all those who are actively or casually interested in the iron and steel industry ,—Jmus O. Lord, 
AssociaU Professor of Meiallurgyt Ohio State UniversUy, 

Steel in Action, by Charles M. Parker, American Iron and Steel Institute. The Jaquee 
Cattell Presj., 1943. Lancaster, Pennsylvania. 221 pages. Price I2.A0, 
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Fnmtieni of Cytochomletry 

Prcmtiers of Cytochemistry is baaed on a symposium which was organieed in honor of Dr. 
R. R. Bensl^ for his notable achievements in the field of histochemistry. This special 
symposium presented at the University of Chicag^o on November 13, 1942, was limited to the 
theme of the physical and chemical organisation of the cytoplasm, the principal subject of the 
investigations of Dr. Bensky and his students for the prat decade. 

Most biologists will hnd this volume of especial value and interest for in this collection of 
papers is presented not only an historical act’ount of the rapid progr^ made in recent years in 
this field of fundamental knowledge but the lines along which new discoveries may be expected 
in the future. Students of cdlular biology who have Men pueeled by the speed, orderliness and 
rhythmicity of cellular processes and the unique physical ana chemical properties of the c^^plasm 
will find here significant information regarding structural, chemical and tunotional relationships. 
Of particular interest to the morphologist is 1) the account of the isolation and chemical 
analysis of mitochondria, 2) the separation of the fibrous proteins elHpsin and plasmosin which 
are apparently responsible for the stability of cell structure and the sol-gel transformations in 
the cytoplasm respectively, 8) the discovery and separation of submioroscopic glycogen particu¬ 
lates ana 4) the isolation and cbemica! anal^is of the submicroscopic particulates of Claude. 
Doubtless the physiologist, pathologist, biochemist and physical chemist will find material of 
equal interest and profit. 

Sixteen papers are listed in the table of contents, the titles and authors of which axe as 
follows: 

Foreword. . . . Norman L. Hoerr 

In Appreciation of Professor R. R. Bensley.E, V. Cowdry 

The Chemical Structure of Cytoplasm as Investigated in Professor Bensley's Laboratory 

during the Past Ten Years. .. .Arnold I^azarow 

Some Considerations on the ^plication of Biological Oxidation-Reduction Reaction Systems 

to the Study of Cellular Respiration. . E. S. Guzman Barron 

Ultracentrifu^ Studies on Cytoplasmic Components and Inclusions.H. W. Beams 

Electrolytic Solutions Compatible with the Maintenance of Protoplasmic Structures, 

Robert Chambers 

Distribution of Nucleic Acids in the Cell and the Morphological Constitution of Cytoplasm. 

Albert Claude 

Experimental Epidermal Methylcholanthrene Carcinogenesis in Mice.E. V. Cowdry 

Histochemical Analysis of Change® in Rhesus Motomeurons after Root Section, 

Isidore Gersh and David Bodian 
Methods of Isolation of Morphological Constituents of the fiver Cell .. Norman L. Hoenr 

Electrolytes in the Cytoplasm .Oliver H. Lowry 

Fibrous Nucleoproteins of Chromatin.A. E, Mirsky and A. W. Pollister 

The UHrasti'ucture of Protoplasmic Fibrils, 

Francis O. Schmitt, Cecil E. Hall, and Marie A. Jakus 

Mineral Distribution in the Cytoplasm. .Gordon H. Scott 

Studies on Macromolecular Particles Endowed with Specific Biological Activity. Kurt G. Stem 

The Chemistry of Cytoplasm. (Reprinted from Science, 96 : 389) .R. R. Bensley 

—A. A. Knouff, 

Biological Symposia, Vol. X. Frontiers in Cytochemistry. The Physical and Chemical Or¬ 
ganization of the Cytoplasm. Edited by Norman L. Hoerr. vii-f334 pages with illustrations 
and references. The Jacques Cat tell Press, Lancaster, Pa. 1943. $3.w. 


Medkal Pamaltology and Zoology 

We have here a satisfactory textbook for students and, of most interest to me, an example 
of how an egu^ellent medical school (Cornell University Medical College) has solved the problem 
of presenting a large and Important subject to its students. 

The newness of thts aubiect to most American medical schools, and the presence of an already 
crowded cutriotdum, have frequently thwarted proper training in what is now considered an 
essential part df every physician’s college experience. This hook is especially recommended, 
tbdefore, to the attention of those educators who have this problem to solve.—C. E. Venard. 

Medietl Pivmsltology and Zoology, by Ralph. Welty Nauss. 534 pp., illus., 1944. Price 
$6.00. Published by Paul B. Hoeber, Inc., Medical Book Department of Harper & Bros., 49 East 
38rdSt., NewYork, N. Y. 
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Dynamical Analogias 

This book, though only about a year in print, has been obtained many engineers and 
physicists for personal libraries, and is becoming fairly well liked. 

The book, in brief, takes the mathematics and relations that have been developed so highly 
for electrical circuits and applies them to mechanical (rectilineal and rotational) circuits and 
acoustical circuits for which the mathematics has not been developed as highly. The mechanical 
and acoustical circuits are transfonned into corresponding electrical circuits for which the solutions 
are Qjnte well known. 

^e material is written in a well-organized, .simple style; the circuit elements and units are 
first well defined and then used in simple, and then in successively more complicated, combina¬ 
tions. The clarity and consistency of the diagrams used to illustrate these combinations is 
commendable. 

After development of relations for various combinations of the elements, the author applies 
the material to corrective network, wave filters, and various electromechanical and acoustical 
driv:^ and generating systems. The-se treatments are of great practical interest. 

Tne transient relations that are used in corresponding analogies are obtained by operational 
calculus methods, and the mathematics is somewhat too abbreviated here. The addition of a 
general set of operational calculus formulas would be of real value. The Reciprocity, Thevenin's 
and Superjxwition Theorems are also applied to mechanical and acoustical systems. 

There is, in addition to practical applications scattered throughout the chapters on driving 
and generating systems, a chapter on applications at end of book“-but while the list of applica* 
tions is inclusive enough, the treatments of the applications are too brief. 

The book, though perhaps somewhat more abbreviated than necessary, is a very valuable 
and interesting one.— Kenneth P, Yates. 

Djpiftinical Analogies, by H. P. Olson. 196 pp. D. Van Nostrand, 1943. 


Heat and Thermodynamics 

A new and considerably improved edition of Professor Zemansky’s book dealing with 
thermcxlynamics for students preparing for career in physics or engineering. The second ^ition 
is nearly the same length as the earlier edition, but the c^ontents have been rewritten m a great 
many places. New sections have been added and sections deleted. A c*onsiderable amount of 
illustrative material and graphs have been inserted at various points. The problem lists at the 
c-hapter-ends have been revised and improved. This second edition can be recommended for use 
with advanced undergraduates or beginning graduate students.— Harold H. Nielsen. 

Heat and Thennodynamica, bv Mark W. Zamansky, Ph.D. McGraw-Hill Bopk Company, 
New York. $4.(X). 
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THE FOREST RESOURCES OP AUGLAIZE COUNTY, OHIO^ 

LESLIE W. GYSEL, 

The Ohio Agricultural Experiment Station, 

Wooster, Ohio 

This report is based on a county survey which was carried out according to the 
methods specified by the state-wide Ohio Forest Survey (1), a project designed 
to provide facts essential to public and semi-public agencies concerned with land-use 
planning for the improvement of the conditions of land tenure, for the integration 
of forestpr and farm programs, and for the development of a rural works pro^am. 
To obtain these facts, information has been collected concerning the quantity of 
timber, the location and size of all woodlands, the forest type and condition class 
of each, the economic aspects of the woodlands, and woodland management 
problems, 

Briefly, the survey methods are as follows. Tracings are prepared from aerial 
photographs to show the location, shape, and area of all existing woodlands. A 
random sample of these woodlands is selected for cruising, the percentage selected 
varying in accordance with the total number of woodlands. From the total of 
1,496 woodlands in Auglaize County, 504 were selected for cruising. The timber 
inventoty is based on a tally of the species and diameter of each tree in a series of 
mechanically located fourth-acre plots establishedi within the individual woodlands. 
Intensity of cruise of an individual woodland varies inversely with the acreage of 
the woodland. Of the 16,001 acres of woodland in Auglaize County, timber on 
1,772 acres was tallied, affording a ll.l per cent cruise. Forest cover type and 
condition class based on field inspection are determined for all woodlanas, both 
cruised and uncruised. The distribution of reproduction by species and size class 
is recorded for hundredth-acre plots established in cruised wo^lands. 

GENERAL DESCRIPTION OF THE COUNTY 

Physical Features: 

Auglaize County is located in the west central part of Ohio, 19 miles from the 
Indiana border and 72 miles from the Michigan border. The total area is 397 
square miles or 254,080 acres which is divided into 14 townships, only six of which 
^ave 36 sections. 

The terrain of a large part of the county is gently undulating. vSome large 
areas, however, are nearly level and others hilly. The undulating land is, in 
general, ground moraine and the hill areas are recessional moraines, three of which 
occur in the county- The whole region is covered by the Lake Wisconsin Drift 
which overlies limestone bedrock, the Niagara Limestone in the southern part 
of the county and the Monroe Limestone in the northern part (5). 

^Aoknowledgmentft: This survey was conducted in 1940 through the cooperative efforts 
of a group of oiganizationsr mainlyi The Work pmjects Administration, The Department of 
Forestry of the Ohio Agricultural Experitnent Station, The Agricultural Conservation Associa¬ 
tion, The Central States Forest Experiment Station, The Ohio Forestry Association, The 
leaak Walton League of America, and numerous wood'-using industries throughout Ohio. 
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Of the soils which have developed from this glacial drift, the Miami silty clay 
loam is the most important in regard to area and is found mainly on undulating 
or rolling terrain with fair to good surface drainage. Bellefontaine silt loam 
occurs on the well-drained areas of the hills. Of the soils which occur on the 
level to slightly undulating terrain, the Crosby and Brookston silty clay loams 
are dominant. Two forest humus layer types are predominant in the woodlands 
of the county, the course mull which occurs mainly in the closed ungrazed forested 
areas, and the firm mull which occurs in the open grazed farm woods. The depth 
of these humus layers varies approximately from 2 inches to 12 inches, and is 
greatest in the poorly drained soils. 

Cultural Features: 

The most important factors affecting the original vegetation, other than the 
physical, are directly or indirectly due to the influence of man. Therefore, in order 
to explain the extent, condition, and t5q3e of farm woodlands in the c^ounty, the 
cultural feature’s must be considered. An analysis of the economic data for 




Pig. 1. Forest Cover of Auglaize County, 1040. 

Auglaize County indicated that farmwoods are a secondary source of int^e for 
the farms of the county because of the adaptability of the land for intensive agri¬ 
culture, the relatively high land values, and the type of fanning. In genetalr the 
combination of good soil and good agricultural methods has made the cultivation 
of crops and the raising of cattle, sheep, and hogs profitable. As a result of the 
high value of these products and of the land, the farmwoods have become a neglected 
asset. 

FOREST DESCRIPTION 

The Original Forest Cow: 

In order to fully understand the present forest conditions, it is necessary to 
have at least a general knowledge of the original vegetation. According to 
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Transeau and Sampson swamp forests coveted most of the county with beech 
and sugar me^ile as the dominant species on t^e weil-dmined 'sites. This large 
area of swamp forest consisted of a number of different phases which are designated 
by the following types: Willow-Cottonwood-Sycamore, Elm-Ash-Maple, Bur Oak- 
Swamp White Oak-Hickory, and Red Oak-Basswood. Gordon (2) states that 
associated with the beech and sugar maple on the better drained sites were Northern 
red oak, white ash, yellow poplar, white oak, red maple, bittcmut hiclrory, shagbark 
hickory, buckeye, basswood, blue beech, and hop hornbeam. According to the 
field notes of the original land survey, beech was apparently a much more important 
dominant than is indicated by present conditions (Pigs. 3 and 4). 

Williamson (4) states that “up to 1845 Auglaize County was unsurpassed for 
its stately trees of many valuable varieties. The splendor of its flora was displayed 
in its oaks, black walnut, butternut, poplar, hickory, ash, wild cherry, linden, 
tulip tree, with almost endless varieti^ of trees of minor value.’’ After 1832 
a part of this forest was cleared for agricultural purposes, especially during the 
period from 1845 to 1856. 

The Woodlands of the Present Day: 

The forest lands of the county are now, with few exceptions, small farm wood¬ 
lands. There are 1,496 of these woodlands which make up a total area of 16,001 
acres, or 6.3 per cent of the total area of the county. The individual woodlands 
vary considerably in size; the smallest considered in the survey Was 3 acres and 
the largest was 122 acres. There are very few large woods, however, the average 
woodland for the county being only 10.9 acres in area. In general the woodlands' 
are quite evenly distributed throughout the county except in the flat prairie land 
where there is a relatively small number per unit area. 

Condition Classes: Each of the farm woodlands in the county has been classifled 
according to the character of its stocking. The unit of this classification is the 
condition class which is important because a knowledge of woodland structure is 
essential for a complete understanding of the management problems, the economic 
values, and the ecological aspects of the forest tj^pes. The eight condition classes 
are illustrated pictorially and the descriptive characteristics of each .as designated 
in the survey are given: 

Class I—All-aged Stand (Plate I). 

(a) The trees are well distributed from the reproduction to the medium or 
large timber size classes. 

(b) The crown canopy is closed or nearly so. 

(c) The deposit of leiu litter is good to excellent. 

(d) There is little or np evidence of grazing. 

Class II—Transition Stand (Plate I). 

(a) Trees in the reproduction class are sparse or lacking. 

fb) The crown canopy is 7,5 per cent or less. 

^ (c) The woodland is, or until v^ recently has been, grazed. 

(d) Grass and weeds are becoming established in the openings. 

(e) The deposit of leaf Utter is poor. 

Clem niHOppitparle Stwd (Plate 11). 

(a) Trees in tpe reproduction claM are sparse to lacking, and there are few 
troM in tl^ pole size class; trees in the small timber class and above are 
nonnally distr^tod, or approximately so. 

'Hie crown caniopy is less than 76 per cent. 

(c) There are at least 25 trees per acre. 

(d) The stand has been intensively grazed over a long period of years. 

(e) There is sod present. 
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I. The presence of all diameter classes from reproduction upward is the outstanding char¬ 
acteristic of Class T woodlands, 

II. The almost total absence of trees of reproduction si*c, but otherwise good distribution 
of size classes, characterizes Class II stands. 
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Plate 11 



IIL 


IV. 


Features which distinguish Class HI woodlands ere: the o^n condition of the stands, 
the presence of sod on the forest floor, and the preponderance of trees in the, larger 
diameter classes. 

Well-stocked stands made up almost exclusively of pole-size trees are called Class IV. 
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Plate III 
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V. Poorly stocked pole etimds s.re called CUes V. Oi^ss sod is usually present in the 

Oj^in^. 

VI. Pole stands with from 6 to IS larger trees per acre in the overstoty ate characteristic 
Class VI woodlands. 

lOB 
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Vn, Definite two^toried forests caused by the absence of one or more diameter classes of 
pole size are called Class VIL 

VnX. Trees of reproduction size, originating either from clear-cut stands or volunteer growth 
on abandoned fields, are mapped as Class VIIL 
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Class IV—WeU-stocked Pole Stand (Plate II). 

(a) The trees are mainly in the size classes below the small timber class, i.e., 
less than 13.0 inches d.b.h. The number of trees in the small timber 
class and over does not exceed 6 stems per acre. 

(b) The crown canopy covers 60 per Cent or more of the area. 

Class V—Scattered Pole Stand (Plate III). 

(a) Resembles Class IV, but is not as heavily stocked. 

(b) The crown canopy is leas th^ 60 per cent. 

(c) Patches of sod are usually present. 

Class VI—Pole Stand with Scattered Large Trees (Plate III). 

(a) The trees in the pole and reproduction classes approximate the number of 
those fothid in Class I stands. 

(b) The number of trees in the small timber class and over is between 6 and 18 
per acre. 

Class VII—Two-storied Stand (Plate IV). 

(a) A stand in which the trees are well-distributed throughout the size classes 
wirii the exception of the pole size class which is scarce or lacking. 

(b) The over-iStory has at least 20 trees per acre, and there is a total of at least 
25 trees per acre 3.0 inches d.b.h. and over. 

Class VIII—Reproduction Stand (Plate IV). 

(a) The ground area is at least 25 per cent covered by well-distributed tree 
reproduction which is 8 feet or more in height. 

The Class I woodlands are of iqiecial interest because they are the onl^ remaining 
stands which are stocked and have a composition similar to the original forests. 
However, this class covets only 867 acres, or 5.4 per cent of the total woodland 
acrei^e (Plate I) and therefore cannot be considered of major economic importance. 
Nev^tdieless a knowledge of the make-up of these stands is valuable for formu¬ 
lating management plans. The data presented in the stsmd and stock table 
(Table I) show very clearly the balanced character of the stand. The total basal 
area for the average acre is 79.4 square feet for this class. Basal area is the term 
used to designate the area in square feet of the cross section of a tree 4)^ feet 
above the ground. It may be applied to a single tree or it may be the combined 
area of the trees on some given area, usually one acre. In this discussion it is <m 
a per acre basis. In comparison with the other classes, this figure is somewhat 
greater, but due to the fact that in many cases the largest trees have been removed 
by selective'cuttings from Class I stan^, it is lower than that which would have 
b^n characteristic of virgin stands. In areas in wjuch many of the la^re trees 
have been preserved, the total basal area averages slightly more than 100 square 
feet per acre, the largest recorded being 118.8 scmare feet. The reproduction is 
generally abundant and of good qualitv; the number of stems, v^ich averages 934 
per acre, is considerably greater than for any of the other dasses. 

Condition Class II is mudi more important in the county than Class 1 because 
the woodlands in this classification rakke up ai^ioximately 25 per cent of the 
total woodland acreage of the county. In form, as riiown by the number of stems 
and basal area of the typical acre (Table I), the stands are not greatly different 
than those in the Class I condition; however, the average number of stems in the 
reproduction size class is about two-thirds less. 

The Class III woodlands represent advanced stages of forest stand decadence. 
The data for the average acre of the class indicate the lack of trees below 13 
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inches in diameter. However, the distribution in the la]:;ger size groups is very 
similar to that of the first two condition classes. There is only a small amount 
of reproduction in these woodlands which in many cases consists entirdly of inferior 
species; the average of 300 stems per acre of which a large percentage are small seed¬ 
lings is the lowest number for all of the condition classes. Approximately 17 per 
cent of the total woodland acreage is in this class, and therefore it is an important 
part of the forest area. 

Class rv and V woodlands generally result from the growth of sprouts and 
advance reproduction after the clear-cutting of a stand, or from the natural regen¬ 
eration on abandoned farmland. In regard to the number of trees per acre, 
these stands are almost as dense as those in the Class I condition, but the basal 
area is less than half. Both of these classes together comprise only 11 per cent of 
the total forest acreage, and generally the stands are §mall in size. 


CONOiTtON CLASS PCR CENT OF T01AL ACREASE 


I ALL'ASe STANO 

H TRANSITION STAND 

M OPEN • PARK stand 

IV WELL-STOCKED POLE STAND 

V SCATTERED POLE STANO 

VI POLE STANO WITH SCATTERED 

LARSE TREES 

Vn TWO-STORIED STANO 
vm REPRODUCTION STAND 



Fig. 2. Distribution of woodland acreage by condition class. 


Class VI woodlands are the most typical of the county. The hugest number 
of stands and also the greatest acreage are in this class. Woodlands in this con¬ 
dition occupy 34.1 per cent of the tot^ woodland area, or 5,449 acres, iliis form 
of stand generally results ftcan severe cuttings in which all but a few of the laiger 
cull trees are removed. Due to the small number of trees above the pole size, the 
basal area is relatively low, although the total number of stems in this dass approxi¬ 
mates the number of those found in Class I stands. Although approximiCtely 75 
per cent of the stands are grazed, it is generally light so that reproduction is quite 
abundant; the t 3 q)ioal acre of a Class VI woodland has an average of 751 stems in 
the reproduction size class. 

Cl^ VII is relatively unimportant in regard to area covered since it comprises 
only 5.1 per cent of tHfe total woodland acreage. Hie elimination of grazing from 
old Class II or HI' stands and subsequent establishment of reproduction may 
result in a two-storied woodland. 

Class VIII woodlands are found on clear-cut forest land or on abandoned 
^farmland. Since most of the cleared land is readily adaptable and valuable for 
farming, only 3.4 per cent of the total woodland acreage has reverted to this 
condition, 
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Plate V 



A Class 1 wliite oak-sugar maple woodland in Pusheta Township. 
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Forest Types: Nine forest types were selected for the putpose of classifying' 
the woodlands as to species, composition. A cover type in this survey is d^ined 
and namw by the dominants which comprise 50 per cent or more of the crown 
cover, or, if there are no dominant species, by the general composition of the 
stand. Each woodland is designated by one cover type. 

The Mixed Hardwood Type: This type is the most extensive in the county, 
although only slightly more so than the Oak-Hickory type. It occupies 21.4 
per ^nt of the total woodland area, or 3,432 acres (Fig. 3^ and is therefore of 
considerable importance. Many of the better woodlands of the county are of this 
type, since 87 per cent of the total acreage of the type is in Classes I and II. How¬ 
ever, there is also approximately an equal acreage in Class VI. 


FOREST TYPE 

MIXED HARDWOODS 
OAK-HICKORY 
ELM-OAK 

OAK-SUGAR MAPLE 

MIXED OAK 

ELM • SUGAR MAPLE 

ELM • HICKORY 

FLOOD PLAIN 

ELM - SOFT MAPLE 

REPRODUCTION 


THOUSAND AOR^ 
I 2 3 



Pig. S. Distribution of woods acreage by forest type. 

As the type name indicates, it is composed of a mixture of hardwoods in which 
there is no one or small group of species which dominate the stand. The American 
elm is the most important tree in regard to total basal area and numbw of stems. 
It is generally a scattered component and is distributed throughout the various 
size classes. Of the remaining species whkh make up the type, hictory, white ash, 
sugar maple, basswood, beech, and red oak are the most prevateit. In in^vidufd 
woodlands, however, various other species of the total of 48 which were reported 
for the t3T« be important. 

Most of the major type species are w^ r^esented in the reproduction. 
American elm is again the most important species with ash and hudcory of secondary 
importance: white and red oak are veary ^arse. Less desirable small tree spedea 
such as Cra^gm, blue beech, and hop hmnbeam, are quite eibundant. 

Approximately one-half of the wo^lands of this type are well'drained and the 
remaining half partially or poorly drained. Tiae inchvidual woodlands genemlly 
occur on undulating or slightly roUing topc^phy and may tiieinfore be 
of a number of type phases. Various phases of the Swamp forest such as elm-ash- 
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maple, bur oak-swamp white oak-hickory, and red oak-basswood probably covered 
most of these sites originally. Beech, no doubt, was also an important com¬ 
ponent as shown by the original land survey data (Fig. 4). 

Oak-Hickory Type: S^ond in importance from the standpoint of acreage 
covered is the Oak-Hickoty tyjye, which has a general distribution throughout 
the county. The economic value, however, is relatively small because of the 
large proportion of pole size elm and hickory and the poor form of the larger trees 
Most of the stands have been quite heavily cut and grazed. Approximately 46 
per cent of the total acreage of the t3rpe is about equally divided between Classes 
II and III, and 35 per cent is in Class VL 

There are two sub-types of the Oak-Hickory type One occurs on well- or 
moderately well-drained sites and the other on poorly drained habitats. The former 


BEECH 


WHITE ASH 

ftfff 

SUBAR MAPLE 

ffffi 8.B% 

WHITE OAK 

ftff 

SHAOBARK HICKORY 

ffff 

AMERICAN ELM 

fffi 6.7% 

BLACK ASH 

ffi 4.2% 

RED OAK 

ffl 5.9% 

BASSWOOD 

241 % 

SWAMP WHITE OAK 

2.1% 

BLACK WALNUT 

f 1.6% 

BLACK OAK 

f 1 - 3 % . . 

BUR OAK 

f 1.0% 

ALL OTHERS 

104% 


Fig. 4. Percentage composition of the number of stems in the samples of the 
original vegetation. From notes on the Original County Land Survey. 


is the most important since only about one-seventh of the woodlands of this type 
are poorly drained. Hickory, white oak. American elm, red oak, miscellaneous 
hickory,® and white ash are the important components on the well-drained lands. 
On the poorly drained sites, hickory, American elm, swamp white oak, chinquapin 
oak, pin oak, bur oak, soft maple, and black ash are the dominant constituents. 
Hickory and American elm are the most important species in the reproduction 
in Doth.drainage conditions; the oaks are very sparse. 

The Oak-Hickory type on the well-drained sites appears to be primarily the 
result of* biotic factors-such as cutting, graziM, and drainage in original stands of 
oak and sugar maple. The poorly drained Oak-Hickory sub-type was probably 
a transition phase of the original swamp forest. 

Elm-Oak Type: The Elm-Oak type is quite similar to the Oak-Hickory type 
in regard to the percentage distribution of the woodlands in the condition classes. 
Various species of oaks, American elm, arSd hickory are the chief dominants. 

this report misceltanieous hickories lefer to those other than shagbark and shellbark 
hickory* 



116 


LESLIE W. GYSEL 


Vol. XLIV 


This type, since it includes 15.6 per cent of the total woodland acreage, is a 
nificant part of the forest cover. 

The Elm-Oak type occurs more frequently on the poorly drained sites than 
does the Oak-Hickoty type. American elm, red oak, white ash, bur oak, swamp 
white oak, and hickory are the important components of tlie average stand. White 
oak and sugar maple are prominent associate species on the wdl-drained sites. 
In the reproduction, American elm, white ash, and hickory are abundant in all 
condition classes, whereas the lack of oak is very marked. 

The Elm-Oak type probably became more important after the cutting and 
grazing of some of the phases of the original swamp forest. Evidences of such a 
change occur in Class VI stands in which many of the old cull trees are poorly 
shap^ swamp oaks and the young growth is composed of elm, hickory, and 
white ash. 

Oak-Sugar Maple Tjpe: This type occurs most extensively on the well- 
drained sitefe artd is found mainly in the central part of the county. Sugar maple, 
rt*d oak, and white oak are the characteristic dominant species. Of the associate 
species, American elm, shagbark hickoiy, white ash, and basswood are the most 
important. Many of the stands are in excellent condition and are the most 
valuable woodlands in the county. As in other oak types, however, the oak 
reproduction is very sparse; American elm, sugar maple, and white ash are the 
most abundant in this size class. 

The Oak-Sugar Maple t 5 rpe was probably a part of the original vegetation. 
Its former importance is not known, but the range of occurrence mav have increased 
after settlement because of the improved drainage conditions in tne swamp forest 
areas. 

Mixed Oak Type: The Mixed Oak woodlands also occur on well-drained sites 
throughout the county. The type can be further subdivided into two sub-types, 
one which is limited to the best drained sites and the other to the moderately 
well-drained habitats. White and sometimes black oak are dominant on the 
former areas whereas red, bur, swamp white, pin and chinquapin oak are the 
most abundant on the latter. There are 27 other tree species listed for the type, 
most of which, however, are of minor importance. The principal associate sp^ies 
are American elm, shagbark hickory, basswood, Sugar maple, b^h, and white ash. 
From an economic point of view, tlm type is particularly important because of 
the high percentage of valuable species. 

The early settlers probably found stands of mixed oak when they first arrived 
in the county. The original composition has, no doubt, changed since the time of 
settlement and is still chans^ng as indicated by the smsjl percentage of oak in the 
pole size class and the lack of this species in the reproduction. American elm, 
white ash, and hickory are the dominants of the repnxluction size class. 

Elm-Sugar Maple Type: Tliree species, sugar maple, American elm, and 
slippery elm make up approximatdy 50 per cent of the Msal area and the number 
of stems of the type. 'Hiese sp^es are also the most abundant in the reproduction. 
However, from the present indications in the field, it seems possible that many of 
the stands were originally Beech-S^ar Maple. The severe cutting prevalent 
in this type may account for the dominance of American elm and slippery elm. 

The center id distribution of the Elm-Sugar Maple type within the county is in 
the recessional moraine area which is generally huly and well-drained. It is in 
this area that neariy all of the county's maple syrup la produced. 

Elm-Hickory Type: The Elm-Hickory type has developed largely as a result 
of biotic factors. Of the total acreage, 69 cent, or 7M acres, is included in 
Classes IV, V. and VL No stands of the Elm-Hickory type were found in the 
Class I condition. Of the total number of stems in the ty^, 92.2 per Cent are 
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in the pole size class. Approximately 50 per cent of this class is divided equally 
between hickory and American ehn; therefore the economic value of this type is 
low. Fortunately it covers only 6.6 per cent of the total woodland acreage. 

The Elm-Hickory type occurs generally on moderately well-drained sites on 
which some phases of the swamp forest or the sugar maple types originally existed. 
After severe cutting in forest stands and on abandoned ^Ids, the lack of oak 
reproduction and the abundance of elm and hickory reproduction favored the 
development of the present type of stand. 

Flood Plain Type: The characteristic forest vegetation of the flood plain 
occurs mainly on the alluvial soils of the first bottoms of the Auglaize and St. 
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Pic. S. Percentage compoeition of the number of stems in the farm woodlands, 
all types (from survey data). 

Marys rivers. This vegetation is influenced by the high water table and, therefore, 
the type is consida^ as a phase of the swamp forest. Of the total woodland 
2.1 per cent, or 34S acres, was classified as the Flood Plain type. 

The fact that 41.6 per cent of the acreage of the type is in Classes I and II 
indicates that severe ^ting has been less extensive than in any of the other 
types. Part of the, reason for this is the small number of valuable species. 
American elm is dominant with one-four^ of the total basal area. Other species 
which make up the mixed stand are: cottonwood, swamp white oak, 8)Mamore, 
hackberry, honey locust, white ash, willow, and box elder. 

There are other phases of the swamp forest on ma^ areas bordering Lake 
St. Marys which might be considered as variations on the Flood Plain type. Where 
the water is quite deep throu|(hout the year, cattails are .the main vegetation, but 
towards the e^es of the swamps in areas which have only an inch or two of standing 
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water in the summer, willow is a scattered species. Further back on the better 
drained areas, cottonwood. American elm, and white ash are the dominants. On 
those sites which are only periodically flooded, swmnp white oak and American 
elm are the main species which are associated with sycamore, cottonwood, pin 
oak, and white ash. 

Elm-Soft Maple Type: This type covers only 191 acres, or l.J per cent of the 
total woodland area, and includes only a few valuable species. The economic 
value is therefore small. It is of ecological interest, however, since it occurs 
mainly on the poorly drained sites and was probably a phase in the original swamp 
forest. White ash is an important component of the type from the standpoint 
of the number of stems, but the basal area is relatively small because a large per¬ 
centage of the trees are in the pole size class. Sycamore, black ash, pin oak, beech, 
basswood, cottonwood, hickory, and swamp white oak are the most prevalent 
associate species. 

A Summary of the Species Composition of All Types: The species of the oak 
genus which occur in the county are collectively the most important vegetation 
of the woodlands from the standpoint of value, volume and percentage Qf cover. 
Four of the oaks—red, white, bur, and swamp white—comprise 28.3 per cent 
of the total basal area of all the types; chinquapin, pin, bla^, and shingle oak 
make up a small additional percentage. However, all of the oaks make up only 
approximately 12 per cent of the total number of stems of all types (Fig. 5) which 
indicates that there is a relatively high proportion of the trees in the large size 
classes. The small amount of oak in the reproduction and pole size classes has 
been noted in all types. 

It has been quite apparent from the previous discussion of the types that two 
of the most important tree species in regard to the total number of stems and basal 
area are the American elm and shagbark hickory. The sum of their basal areas 
accounts for 27.7 per cent of the total for all types and is just slightly less than 
that of the oaks, but in this case the percentage of the number of stems is about 
three times that of the oaks, or 36.3 per cent of the total number of stems of the 
county. The number of trees in the small size classes is, therefore, relatively large. 

The other species which merit special mention are sugar maple and white 
ash. Both occur predominately in the pole size class although not to such a 
marked extent as hickory and elm. Other species which occur extensively through¬ 
out the county are basswood, miscellaneous hickory, beech, slippery elm, black 
ash and walnut. 


ECONOMIC ASPECTS OF THE WOODLANDS 
Home Consumption of Forest Products: 

Accurate data pertaining to the uses and values of the various woodland 
products are very hard to obtain because the majority of the woodland owners 
had no written records and were only able to make rough estimates. However, 
it is possible to designate general trends from the data obtained. The woefti 
products which are used directly on the farm make up the most important part 
of the income from the farmwoods, Fuelwood is by far the most important 
product and was noted for almost every woodland for which the information 
was available. Only a small number of woodland owners in seven townships 
reported regularly yearly sales of wood or wood products. Many, however, 
reported occasional sales of saw timber, fuelwood, and posta 

Returns from Woodlands: 

In order to improve the neglected farm forestry conditions in the county, 
considerably more interest in this field must be-created. Probably the only way 
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to create this interest in the majority of cases is to show resulting profits. A good 
example of a profitable 53-acre woodland, an ungrazed all-aged stand of the Elm- 
Oak type, was found in Salem Township. A record of the returns is shown in 
Table IL Under a continuous yield plan of management, the owner has received 
S175.43 yearly or $3.31 per acre since 1904. Another farmer reported a return of 
$8.97 per acre over the same period. 


TABLE II 

Returns from 53*acre Woodland 


Year 

Item, Quantity, and Unit Value 

Value 

Received 

(Dollars) 

1904 

Maple ayrup, 10 gal. @ $1.00 per gal . 

9 10.00 

1905 

White oak, 400 trees @ $10 per tree.. .... 

Fuelwood sold, 200 cd. ® $1.00 per cd. .. . 

4,000.00 
200 00 

1906 1 

Fuelwood sold, 200 cd. ® $1,00 per cd. 

200 00 

1916 1 

Wliite ash. ... 

700 00 

1918 

Fuelwood sold, 40 cd. ® $2.00 per cd. ... ... 

80.00 

1920 

Ironwood for rollers. . 

Oak, 2.500 bd. ft. ® $20 per M bd. ft. 

Fuelwood sold, 50 cd. @ $1.00 per cd. , . . 

5 00 

50 00 
60.00 

1923 

Oak, 2600 bd. ft. @ $20 per M bd. ft . 

50.00 

1925 

Elm and Hickory, 3760 bd. ft. @ $20 per M bd. ft. 

76 00 

1929 

Pin Oak, 65 trees ® $2.00 per tree.* ^ ‘ 

130 00 

1030 1 

Oak and Elm for farm use, 2,000 bd. ft. @ $20 per M bd. ft... 

40 00 

1935 

Elm and Red Oak, 1,600 bd. ft. @ $16.50 per M bd. ft. 

26 00 

1939 

1905 

Ironwood for rollers. 

6 00 

to 

1040 

Fuelwood for farm, 20 cd. per year @ $1,00 per cd. 

700 00 


Total income received . . 

$6,321 00 


The thirteen woodland owners who reported a yearly production of maple 
syrup produce 1,067 gallons for art annual return of $1,^3. The largest single 
producer maintains a 50-acre woodland for this purpose only on which 600 trees 
are tapped each year. The average production is 300 gallons per year, which at 
$1.50 pk* gallon yields $450 per year or on a per acre basis $9.00. 

Markets and Utilisation: 

An investigation of the wood-using industries shows that there are markets 
within the county for all of the more important tree sp^ies. In addition it was 
found that two of the industries are importing hi^-quality hardwoods from other 
states or from distant markets in Ohio, namely, white ash, hickoiy, and sugar 
maple, which could be grown in properly managed farmwoods. within the county. 

The wood'using industries are an important part of the economic assets of the 
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county. There are a total of 24, of which 17 are sawmills. The latter cut an 
average of 2,400 M bd, ft. per year, most of which is local timber* The other 
industries which include manufacturers of spokes and wheels, furniture, white ash 
handles, and wood products for constructional purposes utilise 4,230 M bd. ft., a 
part of which is imported into the county. For the operation of these industries, 
330 persons are employed permanently and 34 part time. 

WOODLAND MANAGEMENT 

Methods of Cutting: 

In the few stands in the county which are somewhat similar to the virgin forests, 
a selective i^e of cutting should be made in which only the mature trees are 
removed, This basic type of cutting should, in practice, be limited by the amount 
of annual growth so that a sustained yield results. The largest amount of cutting 
in the near future, however, will necessarily be in the poorer stands. In these 
cases the object should be to re-establish a well-stocked all-aged stand of valuable 
trees so that in the future a sustained yield plan may be carried out. The poorly 
shaped or decayed trees, whether they are mature or immature, should be removed 
as quickly as they can be utilized for fuelwood or posts to make room for the more 
valuable species, especially in dense stands. In more open stands, however, care 
must be taken to maintain a suitable crown cover for the purpose of creating a 
favorable environment for desirable reproduction. 

Grazing: 

One of the most important factors which will help to create more productive 
stands of timber in the county is the elimination of grazing from the farmwoods. 
It was found that 1,122 woodlands, 75 per cent of the total number, are grazed 
by cattle, sheep, or hogs. As a result, deterioration of these woodlands is gradually 
t^ing place by the elimination of tree reproduction as well as the herbaceous 
and shrubby layers, the increase of grass sod, the loss of the litter layer, the com¬ 
pacting of the humus layer and the surface mineral soil (Plate VI), the exposure 
and injury of the roots of certain tree species, and in some instances the mechan¬ 
ical injury to tree trunks. 

Disease Control: 

Rots due to fungi were found important in certain tree species. Every sawyer 
stated that a heart rot of red oak is veiy common and destructive. Trunk rots 
are also very common in beech, and in many cases the top limbs are also partially 
decayed. In grazed stands the exposed roots of sugar maple and beech are infected 
very frequently by rots. Losses resulting from these causes can be minimized 
mainly by the removal of the cull and over-mature trees in the initial cuttings, thus 
saving only the best trees for the final crop, and also by the elimination of grazing. 

SUMMARY AND RECOMMENDATIONS 

Auglaize County is mainly an agricultural unit in which the woodlands are of 
secondary importance in r^ard to value and land coverage. Originally, however, 
this region was almost entirely covered with swamp forests. Cutting, grazing, and 
drainage are the most important factors which have brought about the wcKxlland 
conditions of today, 

Only 6.3 per cent of the total area of the county is now forested. The wood¬ 
lands, which are usually a section of a farm, are generally small units, the average 
size of which is 10.9 acres. Of the total woodland area, only 5.4 per cent is com¬ 
parable to the original stands in composition and structure. Severe cutting 
characterizes a large number of the woodlands as shown by the fact that 34 per 
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cent of the total forested area is composed of young growth with a few scattered 
large trees, and 17 per cent is open park grazed starvds. 

For the county as a whole, the oaks as a group are the most important vegeta¬ 
tion in the woodlands in regard to value and cover* However, one of the most 
noticeable observations made in this survey was that there is only a Small number 
of trees of this genus in the reproduction of all types* The important individual 
tree species according to the total number of stems and total basal area are the 
American elm and shagbark hickory. Both species are present in all types and are 
generally dominant in the reproduction. Sugar maple and white ash are valuable 
species which also occur throughout the county. 

The values of the forest products and of the wood-using industries are important 
economic factors within the county. For the average farm, fuelwood is the most 
important woodland product; saw timber and posts are of secondary importance. 

There is no doubt that it is possible to better the conditions of the farm wood¬ 
lands and alsc to increase their productivity and value. In order to accomplish 
this, the following general recommendations are made: 

1. Woodland owners should be shown the value of highly productive stands 
and the methods of obtaining such stands. 

2. The farmers who sell timber should have a knowledge of the methods of 
estimating volume and the best methods of marking and cutting. 

3. The sawmill owners who buy and cut the timber should be fully informed 
of the value of continuous yields. 

4. Grazing of woodlands should be eliminated. 
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Clouds and Westlier Flieiionioiis 

The revised edition of this booklet, first published in 1926, contains 42 cloud photographs 
and a brief text of 24 pages. This little volume is Vkefy to appeal to those who have more than 
passing interest in the more spectacular atmospheric phenomena such as cloud types, sunsets, 
rainbows, coronae and halos, and mirages. The author "‘has written for those not wishing to 
make a deep study of meteorological matter, yet who take an interest in the changing pageant 
of the dcy.^ 

Chinook winds, tornadoes, cyclones, northem lights, looming and lightning are some of the 
phenomena that could well have been included under the title without exceeding the author's 
objective of simpUcity.— John Wolfe. 

.. J!?* w J* **• . Cambiilge. et the Unhrerwty Ptms; 

New York, The Macmillan Co., tl .75. ' 



A STUDY OP THE ASCORBIC ACID CONTENT OP THE DIET 
COMMONLY PRESCRIBED FOR PATIENTS WITH 
GASTRIC ULCERS' 


MARGARET M. DUNNIGAN, MARTHA N. LEWIS and M. R. SHETLER, 
The Ohio State University Hospital and the Department of Agricultural Chemistry, 
The Ohio State University, Coiiimbus, Ohio 


The diet prescribed for patients suffering with gastric ulcer is one which must 
be followed over a period of months or years; therefore it is quite important that 
such a diet supply all of the essentials for good nutrition. A study of the literature 
reveals that, while special diet restrictions advised because of the presence of gastric 
ulcer have resulted in improvement of the ulcerous condition, these restrictions 
have in many cases resulted in definite deficiency states. It has long been recog¬ 
nized that the usual diets prescribed for gastric or duodenal ulcers are often deficient 
in ascorbic acid (7, 21). Cases have been reported (2, 5, 18, 22) of the development 
of scurvy in patients who followed such a diet. At present, moreover, it has been 
noted that early “prescorbutic states in such cases are of frequent occurrence 
(1, 3, 8, 9, 10, 11, 13, 14, 15, 19). Further, the relationship of ascorbic acid to 
collagen formation (2, 3, 4) and ('onsequently to wound healing (12), and to capillary 
fragility (6), may indicate that this vitamin is important in the healing of the 
ulcers although it is unlikely that ascorbic acid deficiency is a definite etiological 
factor in producing peptic ulcer in man (17, 19). Thus it would appear that the 
presence of a superimposed ascorbic acid deficiency state in patients with peptic 
ulcer would be extremely detrimental Consequently this study was undertaken 
with two objects in view: first, to determine the ascorbic acid content of the ulcer 
diet as it was being served at the hospital; and sec^ond, to suggest a practical means 
of maintaining an adequate vitamin C intake in the diet of the ulcer patient. 


moCEDURE 

The menu for the prescribed diet was written daily by the therapeutic dietitian 
and served from the floor diet kitchen in the usual manner. In general, the 
typical pattern of the diet was as follows: 


BREAKFAST 

Fruit 

Cereal with Ocam and Sugar 

Toast wiM Butler 
Milk 




LUNCH 
Protein Dish 
Potato 
Vegetable 
Toast with Butter 
Dessert 
Milk 


SUPPER 
Soup or Vegetable 
Egg, Cottage Cheese 
or Baked Potato 
Toast with Butter 
Dessert 
Milk 


At 10 A. M., 2 and 8 P. M., a glass of milk is given. 

This diet is char^teiiz^ by its bland and non-irritating foods Any tender 
meats such as beef, lamb, chicken, grounci or scraped beef, liver, tender fish or 
sweetbreads and ci^am or cottage cheese and eggs are given. Cereals as Farina, 
white or fine whole wheat bre^, noodles, and rice are permitted* All coarse 
vegetables such as com, green beans, peas, and lima beans are strained and other 
vegetables as potatoes, s^nach, asparagus, fcarrots are given if well cooked. Orange, 
grapefruit, and tomato juices, soft stewed fruits, peaches, sieved pears, apricots, 


^Condensed from a thesis, submitted to the Graduate School in partial fulfillment o£ the 
requirements for the degree of Master of Science at The Ohio State University. 
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and prunes are allowed in addition to simple desserts as custard, junket, jello, ice 
cream, and sponge cake. Beverages such as milk and eggnog are used frequently, 
and weak coffee, cocoa, or chocolate milk ^ sometimes permitted. Each item 
food was weighed as served and aliquot samples were collected. Anal;!^ w^ 
made 15 to 20 minutes after each collection except for the supper meal, in which 
paBA metaphosphoric suspensions were made in the usual manner, placed in the 
refrigerator at 5® C,, and the analyses completed the following morning. 

The estimation of ascorbic acid was made by a modified Roe and Kuether 
method (20). This method gives directly a determination of the total ascorbic 
acid, and encounters no difficulties with pigmented food extracts. 



Uiorograat of Aeorbio Aeid 

Fig. 1. Absorption Curve of 2, 4-dinittophenonydraeine Derivative of Ascorbic Acid 
Using Reagent Blank as Raerenoe Solution. 

One to ten grams of the sample (a weight which when diluted properly would 
contain 5 to 40 gammas of ascorbic acid per milliliter) were weighed into the 
bowl of the Waring Blendor. Fifty or one hundred milliliters of 1% metaphos¬ 
phoric acid were then added and the sample mixed at high speed for approximately 
three minutes. The mixture was transferred to a volumetric flask (100 ml. or 
200 ml.) and made up to volume with 8% tridiloroaoetic acid. For each 100 cc. 
of the diluted sample approximately one teaqx>onful (1.5 gm.) of acid washed 
norite was added and the mixture waken vigorously. 

Five cubic centimeters of the norite filtrate were placed in each of two matched 
photoelectric colorimeter tubes. When a volume smaller than 5 cc, was used, 
the quantity was made up to 5 cc. with 4% trichloroacetic acid. One drop (rf 
10% thiourea solution was added to each tube. -0^ tube was held in reserve 
for a blank and to the other tube 2 cc. of 2, 4-dinitrophenylbydrasine was added. 
The latter tube was ]placed in a water bath at 87® C-. T%e bath was wdl 
by thermostat to maintain a constant temperature. The tube was k^t immeteed 
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in the water bath for exactly three hours. It was removed and traced in a b^er 
of ice water containing generous quantities of ice. The blank tube was placed 
in the water also. To each of these tubes while in the ice water bath, w«tc added 
very slowly 5 cc. of 86% sulphuric acid. The sulphuric acid was added from a 
burette a drop at a time, a step which required about one minute. It is very 
important not to allow the temperature of the solutibn to be raised appreciably, 
as this brings about a charring of the sugars or other org^c matter and thus 
a positive error would be introduced. Finally, 1 cc. of 2, 4-dinitrophenylh5rdraxine 
was added to the blank tube. Both tubes were shaken thoroughly under the ice 
water to obtain complete mixing and were then remov^ to a rack. After thirty 
minutes the tubes were wiped clean and dry and read in a Coleman 10 S spectro¬ 
photometer using light with a wave length of 510 mu since in preliminary work 
an absorption curve (Fig. 1) showed an absorption band at 510-620. 



FjO. 2. Calibration Curve Made at 610 Millicron*. 


A calibration curve was constructed using standard solutions of ascorbic acid 
varying from 5 to 40 gammas in 4% trichloroacetic acid. These solutions were 
tfeat^with norite, filtered, and the determinations made in exactly the same way 
as described above. The readings of the known solutions were then plotted on 
semi-log paper, per cent transmittance against concentration (Pig. 2). Readings 
of the unknown solutions were determined, referred to the curve, and the ascorbic 
acid content compuWl. , , - . j . 

In some cases simultaneous determinations on each item of food were made by 
a modified Tillman’s (16) method; these results were found to agree closely with 
those obtained by the ootorimetric method; bowevw, in most cases, slightly higher 
l^lts were obtained by fbe colorimetric method. This is to be expected since the 
colorimetric method gives an estimation of total ascorbic acid, while the method 
of Tillman determines only the reduced form. The vitamin C contents of indi¬ 
vidual foods as analyst are recorded in Table I and the total ascorbic add content 
of each day's diet for sixteen days are recorded in Table II. 
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TABLE I 

Vitamin C Content op Poods Analyzed 



Method 


No. of 

Av. tnilUgrama 

^ Food 

of 

Variety 

Times 

of Vitamin C 


Preparation 


on Menu 

per 100 grams 

Apples. 

Steamed, unpeeled. 

Jonathan. 

1 

3 1 


Sauce. 

Winesap. 

1 

1 26 


Juice (commercially 





prepared). 


1 

0 00 

Apricots.. .. 

Juice (commercially 





canned). 


2 

0 00 

Cirapefruit. 

Juice (commercially) 





canned). 


1 

32 6 

Lemons. 

Lemonade (1 pt. of lemon 





juice to 1 gal. of water) 

California 

2 

7,80 


Puddmg. 


1 

0 00 

Loganberries.. 

Juice (commercially 





canned). 


1 

0,00 

Pears. 

Commercially canned.. 

Bartlett. 

3 

1 49 

Oranges. 

Juice (prepared the night 





before, sealed and placed 





in refrigerator). 

Valencia. . . 

8 

37 60 


Orangeade (approx, one- 





half orange juice and 





one-half water;. 

Valencia... 

2 

16 00 

Asparagus. ... 

Steamed to warm (com¬ 





mercially canned). 


3 

18 70 


Puree (commercially can¬ 





ned, then wanned when 





served). 


1 

15 0 


Soup (homemade, one- 





third aspara^s puree 
and two-thiroB milk). ,. 


1 

4.38 

Beets. 

Fresh, steamed, small, 





whole.. 


2 

2.40 


Whole, canned, steamed 




to warm. 


2 

3.10 

Carrots. 

Puree (canned, warmed 





before served). 



5.80 


Strips, (fresh,steamed, 




thin buttered). 



3.05 


Cubes, (fresh, steamed, 




buttered). 


1 

2.8 

Green Beans.. 

Puree (commercially 





canned). 


1 

6.0 

Peas. 

Puree (commercially can¬ 





ned, heated before 





serving).i 

Soup (homemade, one- 1 

1 

2 

5.76 


third pea puree, two- 





thirds milk). 

. 

2 

2 W 
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TABLE I— (Continued) 



Method 


No. of 

Av, milLiprams 

Food 

of 

Variety 

Times 

of Vitamin C 


Preparation 

on Menu 

per 100 grams 

Potato, Sweet.. 

Mashed. 

Nancy Hall.. 

I 

12.0 


Steamed, candied. 

Nancy Hall. , , 

1 

19.5 

Potato, White.. 

Steamed, unpeeled. 

1 Idaho. 

1 

15 5 


Steamed, peeled, buttered. 

; Red Russets. 

1 

13 0 


Baked. 

i Idaho Russet. 

4 

11 31 


Escailoped. 

Mashed. 

Red Russets. 

Red Russets. 

1 

2 

10 0 

9 1 


Mashed. 

Bliss Triumphs. 

1 

8 1 


Creamed. 

Bliss Triumphs. 

1 

6 7 


Baked, stuffed . 

Idaho . 

1 

2 2 

Spinach. 

Soup (homemade, one- 




third spinach puree and 
two-thxrds miUc). 


1 

1 00 

Squash. 

Mashed, frozen. 

Winter. 

2 

7 29 

Tomatoes. 

Juice (commerci ’ ly canned) 
Soup (commerci'ly canned) 


4 

11 25 



1 

3 55 


Soup (homemade, approx. 





two-thirds milk and one- 
third canned tomato 
puree). 


2 

4 38 

Cream. 

Pasteurized. 


6 

0 30 




Ice Cream .. 

Commercial (vanilla).... 


3 

0 £3 

Liver. 

Baked.' 

Loaf (with mashed potato I 

Beef.^... , 

1 

le 20 


topping). 

Beef. 

1 


Milk. 

Pasteurized. 


5 

1 57 


TABLE 11 

Ascorric Acid in the Diet of Stomach Vlcrr Patients 


Day 

Total 

Ascorbic 

Acid 

Total Ascorbic Acid 
less Orange, 
Grapefruit and 
Tomato Juices 

Total Ascorbic Acid 
less Orange, Grapefruit 
and Tomato Juice, plus 

3 ounces of Orange Juice 

1 

152 

25 

60 

2 

99 

41 

76 

3 

125 

41 

76 

4 

34 

38 

73 

5 

. 142 

39 

74 

6 

76 

43 

78 

7 

64 

50 

85 

8 

40 

41 

76 

9 I 

31 

30 

65 

10 ! 

89 

48 

83 

11 1 

142 

56» 

91 

12 

61 

39 

74 

18 

80 

43 

78 

14 

45 

49 

84 

15 

100 

36 

71 

16 

m ! 

48 

83 
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DISCUSSION 

Examination of Table II reveals that four days fell in the 26-40 milligram 
range, four fell in the 40-76 milligram group and eight days re^hed the 
level 76-100 milligrams, usually considered necessary for body saturation. Also 
it may be noted that with the omission of orange, grapefruit and tomato juice 
(Table II) all of tli^ days fell below the 60 milligram level On the other hand, the 
addition of three ounces of orange juice to each day*s diet would adequately correct 
this condition. 


CONCLUSIONS 

The amount of ascorbic acid furnished by the fruits and vegetables used in the 
ulcer diet other than orange, grapefruit or tomato can be relied upon to contribute 
only a small part of the daily ne^. From the results obtained, it can be seen that 
the required standard of ascorbic acid necessary for body saturation (75-100 milli¬ 
grams) cannot be a^ured in the routine ulcer diet without the daily use of more 
than three ounces qi orange juice, or its equivalent in other citrus fruit juices. 
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LIST OP CHRYSOMELIDAE (COLEOPTERA) KNOWN 
TO OCCUR IN OHIO* 


JOHN H. HUGHES, 

Univeraity of Minnesota, 

St. Paul, Minnesota 

Specific investigation of the leaf beetles of the family Chrysomdidae was begun 
by the writer in Jime 1937 while a graduate student at Ohio University, Athens, 
Ohio. , Records to July 1939, supplemented by data from other sources, were used 
in a Master’s Thesis at Ohio University, Athens, Ohio, in August 1939 (unpub¬ 
lished). This list is based on the above mention^ data plus all records obtained 
by October 1940. 

The family Chrysomdidae, which is world-wide in its distribution, is one of 
the largest known families of Coleoptera. Leng (1920) lists more than 1000 
species and varieties for America north of Mexico. Records for 332 species and 
varieties for New York State are given by Leonard et al. (1926). Blatcliie;y (1910) 
gives 266 species and varieties for Indiana. In 1902 and with additions in 1906, 
Dury published a list of Coleoptera of the Cincinnati Region (mainly Hamilton 
County) which included 163 species and varieties of Ckrysomelidae for Ohio. This 
is the only other extensive published list for the State. 

The present list records 293 species and varieties for Ohio, of which the writer 
has personally collected 192. Distribution records for other states indicate that 
an additional 112, for which we have no Ohio records at present, may occur in the 
state. Species are considered possible for Ohio when they have been reported 
from an adjacent state, from Western New York (Leonard et al., 1926) or when 
Ohio is located between two or more known points of occurrence. The total known 
and possible species and varieties for Ohio may before than 400. 

The synonymy and arrangement follow Leng (1920). The number of specimens 
of each species examined is given in parentheses. Records for species and varieties 
are given by counties. When the county is not known, “Ohio” is used instead. 
The earliest and latest known dates of the year on which each species was collected 
are recorded. When a record is based on published literature alone, it is accom¬ 
panied by an explanatory note, except for some records taken from Dury (1902, 
1906) in which case “Hamilton (CSNH)” is employed. 

Abbreviations (in parentheses) for the soiu’ces of material are used as follows: 

CM.Cleveland Museum of Natural History, Cleveland, Ohio. 

CSNH_Cincinnati Society of Natural History, Cincinnati, Ohio. 

THH.Personal Collection of the Writer. 

OSM.Ohio State Museum, Columbus, Ohio. 

OSU.Ohio State University, Columbus, Ohio. 

OU.Ohio University, Ath«is, Ohio. 

^ RML.Ralph M. Leonard, Athens, Ohio. 

When the abbreviations are accompanied by a question mark, the species is 
doubtfully recorded for,,that collection. 

I wish to express my appreciation to Dr. William C. Stehr, Ohio University, 
Athens, Ohio, for guidance in this study and for use of the Ohio University col¬ 
lections. I sm also grateful to Dr. John W. Aldrich, Qevdand Museum of Natural 
History; Mr. Ralph M. Duty, Cincinnati Society of Natural Histo^; Mr. Edward 
8, Thomas, Ohio State Museum; Dr. J. N. KnuU, Ohio State University; and to 
Mr. Ralph M. Leonard, Athens, Ohio, for making collections of Ckrysomelidae 
available for this study. 

^Paper No. 14 from the Department of Zoology, CHiio Univerrity, Athens, Ohio. 
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Family CHRYSOMELIDAE 

Subfamily Donaciinae 
Geniu Douftcia Fab. 

D. piitatrix Lac. (39) Erie, Holmes, Licking, Vinton. May 30^5ept. 21. (JHH, OSM, OSU). 

D. valmata Oliv. (9) Ashtabula, Erie, Morgan, Ottawa, Vinton. June-Sept. 21. (CSNH, 
JHH, OSU, OU). 

D. hypoleuca Lac. (1) Erie, Knox. July-Aug. 6. (CM). 

The Knox County rescord for July was taken from Schaeffer (1925). 

D. c&ncticonils Newn. (26) Athens, Erie, Knox, Ottawa. May 25^Aug. 6. (OSM, OSU, OU). 

D. proximA I^y. (6) Ene. July 11-Aug. 8. (OSU). 

D. quAdricoUlfl Say (3) Erie. July 6-Aug. 1. (OSu). 

D. subftiliA Kunze (^y) Auglaize, Erie, Fairfield, Fulton, Geauga, Hamilton, Jackson, .Lickii^, 
Logan, Lucas, Medina, Ottawa, Pickaway, Portage, Summit, Vinton, Wayne. May 17- 
Sept. 23. (CM, CSNH, JHH, OSM, OSU. OU). 

D. aequiuls Say (8) Ene, Hamilton, Lawrence, Summit. April 24-July 5. (CSNH, OSM, 
OSU). 

D. rufft Say (14) Hamilton, Hocking. April 17-May 30. (CSNH, OSU). 

D. aulcicoliis Lac. (32) Hamilton, Jackson, Medina, Summit. April 24-May 31. (CM, CSNH, 
JHH, OSM, OU). 

B. flavipet Kby. (8) Char^aign, Summit, Wayne. May 18-*June 12. (CSNH, OSM, OSU). 

D. metaiUcA Ahr. (38) Cuyahoga, Hamilton, Medina, Summit. Mav 12-June 13. (CM, 

CSNH, OSM, OSU). 

D. puAlllA Say (6) Erie. July. (CSNH, OSU). 

Other species of the Genus D^nacia jpoasible for Ohio: D. Uxana var. minor Schfir., rufescens 
Lar., cincticornis var. tenuis Schffr,, hirticoUis Kby., pubescens Lee., rugosa Lee., biimpressa 
Melsh., biimpressa var. limonia Sehffr., porosicoUis Lav., subtilis var. fulgens Lee., tuberculifrons 
Schffr,, megacornis Blatch., pubieoUis Schffr., karrist Lee., nitida Germ., emarginata Kby., dtversa 
Schffr., ivaltisi Schffr. 

Subfamily Ohsodacninae 
Genus OraodAcne Latr. 

0. Atra (Ahr.) (20) Athens, Franklin, Gallia, Hamilton, Hocking, Jaiikson, Meigs, Summit, 
Wayne. Mar, 16-May 20, (CM, CSNH. OSM, OSU, OU). 

O. atra var, hopaticA Say (2) Cuyahoga, Hooking. May 9-May 16. (CM, OSU). 

O. atra var. tiivittata Lac. (I) Hamilton. (CSNH). 

O. atra var. rittata Say (12) Athens, Gallia, Hocking, Jackson, Meigs. Mar. 17-May 20. (OSM, 
OSU, OU). 

Genus Syaata I.-ac. 

S. femigkiea (Germ.) (25) Athens, Clark, Greene, Hamilton, Hocking, Pickaway, Wayne. 
April 26-June 19. fcSNH, OSU, OU). 

Genus Zeagophora Kunze 

Species of the Genus Zeugophora possible for Ohio: Z. kirbyi &aly, reineckei Grotc, scutellaris 
Suffr,, consanguinea Cr., varians Cr. 

Subfamily Criocerinae 
Genus Crioceria Geoffr. 

C. oaparagi (L.) (221) Athens, Cuyahoga, Erie, Franklin, Guernsey, Hamilton. Hocking, Jackson, 

Ottawa, Perry. May ^Sept. 24. (CM, CSNH, JHH, OSM, OSU, OU. RML). 

C. duodecimpunctata (L.) (66) Ashtabula. Athens, Erie, Guernsey, Jackson, Lucas. Muskingum, 
Perry. May 19-v^t. 17. (CM, JHH, OSM, OSU, OU). 

Genus Lema Fab. 

L. bniaaici^ Lac. (2) Fairfield, Franklin, May 11-July, GHH, OSU). 

L. coIUHb Say (16) Erie, Hamilton. May 30-July 10, (CSNH, OSU). 

L. trilbeate (01^.) (106) Adams, Ashtabula, Athens, Cuyahoga, Darke, Brie, Fairfield, 
Fr^hn, Hamilton, Hocking, Holmes, Jadkson, Lake, Lucas, Meigs, Ottawa, Pickaway. 

Vinton. Washington. May 16-ait. 9. (CM, CSNH, JHH, 

OSM, OBU, OU, RML). 

l. Mxpaneteta Oliv, (2M) Athens, Meigs. June 16-Nov. 10. (JHH, OU, RML). 

L. lexpuaetata var. atUai Ue. (68) Athens, Meigs. June 14-l5ov. 1. aHH. OU, RML). 
Other species of the (knus Lema possible for Ohio: L. $ayi Cr., paliulris Blatch. 
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Subfamily Clvtrinae 
Genuis Aaomoea Lac. 

A. UdclavU Forst, (103) Athens, Fairfidd, Franklin, Pulton, Hamilton, Hocking, Jackson, 

Lawrence, Licking, Logan, Lucas, Metgs, Morrow, Muskingum, Ottawa, Tuscarawas, 
Vinton, May 18-July 10. (CSNH, JHH, OSM, 0$U, OXJ. RML). 

Genus CoaeJsoptera Lac. 

C. domlnlcana (Fab.) (73) Adams, Athens, Franklin, Gallia, Hamilton, Hocking, Jackson, 
Lawrence, Meigs, Vinton. May 19-Aug. 17. (CSNH, JHH, OSM, OSU, OU). 

Genus Babia Lac. 

B. quadriguttata (OHv.) (97) Athens, Champaign, Clark, Franklin, Greene, Hamilton, Hocking. 

Jackson, Meigs, Ottawa, Scioto, Vinton, May 22-Oct, 19. (CSNH, JHH, OSM, 
OSU, OU). 

Genus Saxinia Lac. 

S* omogara Lac. (23) Adams, Athens, Gallia, Hamilton, Jackson, Lucas, Meigs. Vinton, 
May 22^-Aug. 9. (CSNH, JHH. OSU, OU. RML). 


Subfamily Fulcidacinae 
Genus Arthrochlamya Ihering 

A. gibboaa (Fab.) (73) Adams, Athens, Clark, Clermont, Cuyahoga, Fairfield, Franklin, GaUia, 
Greene, Hamilton, Hocking, Jackson, Lawrence, Medina, Meigs, Pike, Scioto, Vinton. 
May l”Oct. 3. (CM, CSNH, JHH, OSM, OSU, OU, RML). 

Other species of the Genus Arthrocklamys possible for Ohio: A. cribripennts Lee. 

Genus Exema Lac. 

E. gibber (Oliv.) (C9) Adams, Athens, Champaign, Fairfield, Franklin, Hamilton, Jackson, 
Lawrence, Meigs, Morgan, Pike, Ross, Vinton. May lO^ct. 13. (CSNH, JHH, OSM, 
OSU, OU, RML). 

£. conapena (Mann.) (3) Hamilton, June 12-June 27. (CSNH). 

E. coneMrta var. diapar Lac. (238) Adams, Ashland, Ashtabula, Athens, Cuyahoga, GaUia, 
Hamilton, Hocking. Jackson, Lawrence, Meigs, Pike, Portage, Scioto, Summit, Vinton. 
May 22-Sept. 26, (CM, CSNH, JHH, RMW* 


Subfamily Cryptocephalinae 

Genus Gdbtiriua Hald. 

G. larvattts (Newn.) Hamilton. (CSNH). 

G. acutellaris (Fab.) (61 Fairfield, Hamilton, Jackson, Lucas, Vinton. June 9-JuIy 7. 
(C^Sf?lI, JHH, iJ), 

G. equeatria (Oliv.) (3) Hamilton, Lawrence. May 29. (CSNH, OSU). The Hamilton 
record by Charles Dury (CSNH) is given in Blatchley (1910). 

Genus Paehybrachya Redt. 

P, pubeaceiu (OUv.) (13) Hamilton, Hocking, Jackson. May 17-June 9. (CSNH, JHH, 
OSU). 

P. lodlngi fewd. (1) Hamilton. (CSNH). 

P. aobfituia Hald, (7) Athens, Hamilton, Lawrence, Meigs, Scioto. May 29-Aug, 26 (CSNH, 
^ JHH. OSU). 

P. ilbmoratua (Oliv.) (4) Athena, Lucas. Tune 23-July 7, (OU). 

P, aubfaaclatua Lee. (24) Athens, Clark, Greene, Hamilton, Hocking. May 14-July 2. 
(CSNH, JHH, OSU, OU). 

P. atomafiua (MeUh.) (40)«Athens, Hamilton. Hocking, Jackson, Vinton. May 22~Aug. 17. 
(CSNH, JHH, OU), 

P. VDboria Pall &) Hamilton. June 27-July 7. (CSNH), 

P. vpmmiim Suffr. (1) Athens. July 9. OHH). 

P. rndena (Melsh^ (81) Athens, Augtaiae, Fairfield, Hamilton, Vinton. May 22-Aug. 17, 
(^^S^TH., Jitlfif), 

Bti bivittatua (S^) (58) Athens, Cuyahoga, Erie, Primklm, Hamilton, Jackson, Lake. Licking, 
Ottawa, Pi^ie, Washington. May IS-Sept. 21. (CM, CSNH, IHH, OSM. OSU). 

P, lidglottia Suffr. (8) Ath^s, Jackson, Vinton. June 16-Tuly 21. (JHH). 

P, crthomia (Say) (18) Ashland, Athens, Cuyahoga, GaUia, HamUtoft, Jackson, Summit, Vinton, 
Warren, W<x^, June 4-July 24. (CM, CSNH, JHH, OSU, OU). 



132 


JOHN H. HUOHBS 


Vol. XLIV 


P, carbonariut Raid. (2) Athens, HockiM. Jnnc 7-Jtme 38. (JHH, OSM). 

P. vidoatiw (Fab.) (1) Hamilton. (CSNR). 

P. (Mdsh.) (2) Lawrence, Vinton. Aug. IT-A^. 23. (JHH). 

P. tiinoCatiui (Mdsh.) (48) Athens, Cuyedioga, FfiUrfidd, Gallia, Geauga, Hamilton, Jackson, 
Meigs, Pbrtage, Vinton. June 28-i^t, 4. (C^, CSNH, JHH, OU). 

P, confnmti mwd. (16) Athens, Hocking, Jackson, Vinton. July 4-Aug. 19. OHH). 

P. iuridus (Pab.) (14) Athens, Hamilton, Jackson, Lucas, Meigs, Vinton, Wood. May 30- 
July V. (CM, CSNH, JHH, OU, RML). 

P. luridut var. nigrinus Blatch. (1) Ashland. June 24. (CM). 

P. dilttatna Suffr. (8) Athens, Fairfidd, Hamilton, Jackson, Mdgs. May 18-July 2. (CSNH, 
JHH, OU). 

P. hepatlcuB (Mehh.) (14) Athens, Hamilton, Jackson, Warren. June 10 to 12-July 7. 
(CSNH, JHH). 

Other species of the Genus Pach^achys possible for Ohio; /*. abdominaUs (Say), pectoralis 
(Melsh.), calcaratus Fall, ^cans Suffr., tr%dens var. ftavicornU (Melsh.), obsoleUis Suffr., 
praeclarus Weise, autolycus Fall, autolycus var. di/fidlis Fall, piMnaius Suffr, 

Genus Monachulua Leng 

M. ater (Hald.) (43) Atliens, Fairfield, Fulton, Gallia, Hamilton, Hocking, Jackson, l^wrente, 
Vinton. June lO-Sept. 3. ^SNH, JHH, OSU). 

M. saponatua (Pab.) (89) Athens, Erie, Gallia, Hamilton, Hocking, Jackson, Lawrence, Lucas, 
Madison, Vinton. June 16-Swt. 3. (CSNH, JHH, OSU, C5U). 

M. gueiini (Perbosc.) Hamilton. (CSNH). 


Genus Cryptocephalua Geoffr. 

C. notatua var. quadrimaculatua Say (36) Athens, Franklin, Hamilton, Hocking, Jackson, 
Uwrence, Meigs, Warren. May 15-July 26. (CSNH, JHH, OSM, OSU, OU, RML). 

C. quadruplez Newn. (84) Adams, Ashland, Athens, Champaign, Cuyahoga, Darke, Franklin, 
Hamilton, Hocking, Jackson, Lucas, Ottawa, Vinton. May 2o-Sept. 5. (CM, C^NH, 
JHH, OSM, OSU, OU. RML). 

C, quadruplez var. quadriguttulue Suffr. (18) Athens, Brie, Hamilton, Licking. May 15 -Aug, 19. 

(cInh, ostj, ouT 

C, guttulatua Oliv. (9) Adams, Athens, Hamilton, Hocking. June IS-Oct. 12, (CSNH, 
OSU, OU). 

C. leuoomelaa Suffr. (41) Adams, Athens, Fairfidd, Franklin, Hamilton, Jackson, Lucas, Mont- 
gomenr, Ross. Scioto. Tune 21-.Sept, 12, (CSNH, JHH, OSM, OSU, OU). 

C, venuatua Fab. (77) Adams, Ashland, Atnens, Champaig[n, Gallia, Hamilton, Hocking, Jackson, 
Lawrence, Morgan, Ottawa, Pike, Scioto, Summit, Vinton, Warren. June 10 to 12“ 
Sept. 3, (CM, CSNH, JHH. OSM, OSU, OU). 

C. venuatus var. cinctipeimia Rand. (16) Ashland, Ashtabula, Athens, Ai^Iaise, Hamilton, 
Hocking, Jackson, Ottawa, Vinton. June 19-Aug. 20. (CM, CSNH, JHH, OSU, OU). 

C. venuatui var. hamatus Melsh. (18) Ashland, Athens, Erie, Fairfidd, Hamilton, Jackson, 
Lake, Medina, Pike, Vinton. Feb. 10-Scpt. 3. (CM, CSNH, JHH, OSU, OU). 

C. venuatui var. aimplez Hald. (38) Adams, Ashland, Athens, Gallia, Hamilton, Jackson, 
Lawrence, Meigs, Morgan, Vinton. June 6“Sept. 3. (CM, CSNH, JHH, OSU). 

C. incertUB Hald. (1) Hamilton. June 20. (CSNH). 

C, trivittatui Oliv. (1) Athens. July 24. (OUL 

C. mutabilis Melsh. (42) Adams, Athens, Eiic, Fairfield, Franklin, Fulton, Hamilton Hocking, 
Lawrence, Lorain, Lucas, Meigs, Vinton, Jtme 12--Oct. 12. (CSNH, JHH, OSM, OSUL 
C. badiua Suffr. (13) Athens, Gallia, Hamilton, Pike. June 23“Aug. 18. (CSNH, JHH). 

C, schreibersi Suffr. (6) Hocking. Oct. lO-Oct. 14. (OSU). 

C, tinctus Lee, (4) Athens, Jackson, Lawrence. Aug. I6^0ct. 26. (JHH, OU). 

Other species of the Genus Cryptocephalus possible for Ohio; C. basalts Suffr*, slrtalulus Lee. 

Genus Diadiua Lee. 

D. auratua (Fab.) (14) Adams, Athens, Fairfidd, Hamilton, Laiwence, Meigs, Pike, June 4- 

Aug. 26. (CSNH. JHH). 

D, palUdiooniis (Suffr) (6) Hamilton. May 28-June 4. (CSNH), 

D. chloiima (Suffr.) (16) Hamilton, Jackson, POcc, Vinton. July 3-Aug, 19, (CSNH. JHH). 

Othw species of the Genus Diachus possible for Ohio; D. kteids (Hald.), Lee.* 

catarius (Suffr.). 

Genua Baiidreuf Hald. 

B. Adams, Cuyahoga, Hamilton. June 35-Aug, 8. (CM. CSNH?* 

B. datfcr^w Athens, Hocking, Jackson, Lawrence, Ross* Vinton. June 8-^Sept, 3. 
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B. formoitts (Melsh.) (20) Adams, Athens, Qallia, Hamilton, Hocking, Jackson, Pike, Scioto, 
Vinton. June lO-Aug. 27. (CSNH, JHH, OSM, OU). 

B. f o nno au g var. tulfhtiripeimis (M^h.) (8) Charnpaign, Lncas. July 7~July 27. (OSM, OU). 
B. detritus (OUv.) (1) Hamilton, Jack»m. Sept. 8. (CSNH, JHH). 

B. mammifer (Newn.) (20) Athens, Clark, Erie, Greene, Hamilton, Hocking, Portage. June 14- 
Aug. 4. (CSNH, JHH, OSM, OSU). 

B* manmJfer var. lellstiia SufEr. (14) Athens, Hamilton, Pickaway, Vinton. June 4-Aug. 27, 
(CSNH, JHH. OSM). 

B. Utuimtui (Fab.) (2) Lawrence. May 26^May 29. (OSU). 

B, Uturstua var. cas^ (Mrish.) (5) Jackson. May 2^June 26. QHH). 

B, Uturstua var. Istivlttia (Germ.) (11) Athens, Hamilton, Warren. June 10 to 12-July 7. 
(CSNH, JHH). 

B. liturstus var. recurvua Say. (16) Hamilton. May 2l-June 19. (CSNH). 

B. Uturatua var. niger Blatch. (10) Jackson, Licking, Vinton. May 20-June 26. (JHH, OSU), 

Genus Triadtua Lee. 

Species of the Genus Triachus possible for Ohio: T. aiomus (Suffr.), vacuus Lee. 


Subfamily Eumolpjnae 
Genus Chrysodias Baly 

C. globoaa (Oliv.) (6) Athens, Gallia, Hocking. May 17-JuIy 21. UHH, OSU), 

Genus Nodonota Lef. 

N. triatia (Oliv.) (337) Adams, Ashtabula, Athens, Clermont, Fairfield, Franklin, Gallia, 
Hamilton, Hoclang, Jackson, Lawrence, Licldng, Lucas, Meigs, Pike, Ross, Scioto, 
Summit, Vinton, WaAington. Jane 5-Oct. 20. (CSNH, JHH, OSM, OSU, OU). 

K. clypssUa Horn (241) Adams, Athens, FairUdd, Hamilton, Jackson, Lawrence, Meigs, Pike, 
Scioto, Vinton, Washington. June 5-Sept. 1. (CSNH, JHH, OU). 

N. ccmvsza (Say) (1) Guernsey, HaniUton. Aug. 19. (CSNH, OSU). 

N. punetkoUia (Say) (1101) Athens, Hamilton, Hocking, Holmes, Jackson, Lucas, Vinton. 
May 2«M>t. 20, (CSNH, JHH, OSM, OSU, OU, RML). 

Genus Colaapla Fab, 

C. bnumea (Fab.) (354) Adams, Ashtabula^ Athens, (^yahoga, Fairfield, Franklin. Gallia, 
Holmes, Jackson, Lawrence, Lucas, Meigs, Pike, Ross, Vinton, Washington. June 10- 
Aug, 29. (CM, CSNH, JHH, OSM, OSU, OU, RML). 

C. bnumea var. flsvida Say, (1; Lucas. July 7. (OU). 

C, bnumea var. auiUs Fab. (4) Pulton. June 24. (OSU). 

Genus Rlmbdopterua Lef. 

R. pic^a (Oliv.) (43) Ashtabula, Athens, Gallia, Hamilton, Hocking* Holmes, Jackson, 
Lawrence, Meigs, Vinton. May 2-Oct. 4. (CSNH, JHH, OSM, OSU, OU, RML). 

Genus Orsphopa Lee. 

C. varisna Lee. (1) "Ohio." (CSNH). 

G, pubeaoeni (Melsh.) (7) Adams, Athens, Hamilton, Jackson. May 16-Aug. 29. (CSNH, 
JHH, OU). 

G. curtlpeiutia (Melsh.) (1) Scioto. Aug. 29. (THH). 

G. mareaaaltiii Cr. (6) Adams, Athens, Hamilton, Jackson. May 30-Aug. 26. (CSNH, 

^ JHH. OU). ’ 

G. nebulMUS (Lee.) (2) Hamilton, Lawrence. June 1-June 26. (CSNH, OSU). 

Genus Xanttumia Baly 

X. deeenmotats (Say) (43) Athens, Geauga, Hamilton, Hocking, Jackson, Lawrence, Madison, 
Vinton. May 20-Nov. 19. (CM^SNH, JHH, OSU, OT, RML). 

X. vlUosois (MftlthJ @9) Athens, Erie, Franklin, Hamilton, Lucas, Ottawa, Vinton. June 
Aug. 17. (CSNH, JHH, OSM, OSU, OU). 

Genus Fldi^ Baly 

vitidds Walsh (IW Adams, Athens, Erie, Lawrence, Ottawa. June 26-Aug. 26. (CSNH, 
JHH. OSU. OU, RML). 

F. lon^^ (Mekh.) (12) Athen^ Cuyahoga, Highland, Hockipg, Meigs. May I5“july 28. 
(CAt, CSNH, JHH, OSU, oU). 



134 


JOHN H. HUGHES 


VoL XLIV 


Genus Metftchfoma Lee. 

M. aagttttttluxn Cr. (24) Eric. June 30“July 15. (OSU). 

M, (Say) Hamilton. (CSNH). 

Other species of the Genus Metachroma possible for Ohio: M. interrupium (Say), parallelum 
Horn, quercatum (Fab.). 


Genus Adojnifl Kby. 

Species of the Genus Adoxus possible for Ohio: A* obscurus (L.). 

Genue Tymnes Chap. 

T. tricolor (Fab.) (37) Athens, Cuyaliqga, Geauga, Hamilton, Hocking, Perry, Portage, Vinton. 

May 29-Aug. 16. (CM, CSNIL OSM, OSU, OU, RML). 

T. yiolaceuc Horn (1) Scioto. May 24. (OSM). 

T. metasteroalis Cr. (28) Athens, Champaign, Clark, Franklin, Gallia, Greene, Hamilton, 
Hocking, Madison. May 2-July. (CsNH, JHH, OSM, OSU, OU). 


Genus Myochrous Er. 

M. denticolUB (Say) (4) Athens, Gallia, Hamilton. Mar. 24-Aug. 11. (CSNH, JHH, OU). 

Genus GlyptoBceliB Lee. 

G. pubeicenfi (Fab.) (8) Hocking. May ft-June 14. (OSU). 

G. Wbata (Say) (13) Athens, Clark, Greene, Hamilton, Hocking. May 22-'Sei)t. 10. (CSNH, 
OSM, OSU. RML). 

G. cryptlca (Say) (1) Hamilton. May 20. (CSNH). 

Other species of the Genus Glyphscelis possible for Ohio: G. liebteki Blateh. 

Genus Typoidionie £r. 

T. viridicyaneuB (Cr.) (60) Adams, Fairfield, Hamilton, Jackson, Pike, Rosa, Vinton, Wash 
ington. June 0-Aug, 20. (CSNH, JHH, OSM). 


Genus Psrla Lee* 

P, canella var. aterrima (Oliv.) (50) Ashtabula, Athens, Cuyahoga, Fairfield, Hamilton, Hocking, 
Jackson, Meigs, ^ioto, Vinton. April 17-Aug. 29. (CSNH, JHH, OSU, OU, RML). 

P. canella var. i^vipea Horn (70) Adams, Ashtabula, Athens, Auglaize, Chamjjaign, Clark, 
Fairfield, Franklin, Gallia, (5reene, Hamilton, Hockitw, Jackson, Licking. Ottawa. Pike, 
Vinton, Washington, Mar. 2a-Nov. 22. (CSNH, JHH, OSM, OSU, OU, RML). 

P. canella var. pumlla Lee. (19) Adams, Ashtabula, Athens, Champaign. Hamilton, Hoi'king, 
Jackson, Lawrence, Meigs, Ross. April 24-Sept. 14. (CSNH, JHH, OSU, RML). 

P. canella var. quadrifuttata Lee. (36) Adams, Athens, Jackson, Lucas, Meigs, Ross, Vinton, 
Washington. April 28-Aug. 29. QHH, OU). 

P. canella var. quadrinoCata (^yj (71) A^ms, Ashtabula, Athens, Fairfield, Franklin, Gallia, 
Hamilton, Hocking, Jackson, Lawrence, Licking, Logan, Me^, Pickawav, Ross, 
Summit, Vinton, Washington. April 22^-Oct. 16. (CSNH, JHH, OSM, OSU, OU, 
R^4L)* 

P. canella var. aellata Horn (30) Adams, Ashtabula, Franklin, Gallia, Hamilton, Jackson, 
Lucas, Ross, Vinton, Washington. Mar. 26-Aug. 29. (CSNH, JHH, OSU, OU). 

P. canella var. aeznotata (Say) (12) Champaign, Clark, Greene, Hamilton, Montgomery, Ross. 
April 27-Aug. 29. (CSNH, THH, CfeU). 

P. canella var. tiioracica (Melsh.) (205) Adams, Ashtabula, Athens, Auglaize, Cuyahoga, 
Franklin, Gallia, Hamilton, Hocking, Jackson, Lawrence, Lucas, Meigs, Mootgomc^, 
Pike, Ross, Scioto, Vinton, Washington, Wayne. May 24r'Sept. 3. (CM, CSNH, JHH, 
OSM, OSU, OU, RML). 

P. canella var. vlttata Horn (7) Adams, Ashtabula, Athens, Jackson, Ross, Washington. 
May 15-Aug. 29. (CSNH, JHH‘ 

Other sp^ies of the Oemis ^ ^le for Ohio: F, canella var. scuiellaris Notm., canella 

var. opacicoUii^ Lee., jnniperj^V 

Genus Chryaodnta Redt. 

C, auratuB (Fab.) (424) AdaBSk^Aih^ Athens. Auglaize, Cuyabpga, Erie. Fairfield, 
Franklin, Gallia, Geaugjt, Guem^, Hamilton, Hkhland, Hoclra|f, jacksem, Lawrence, 
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Subfamily Chrysomelinab 
Genus Frtiociiiifl Latr. 

P. oblkiuata Lee. (2) Franklin, Hamilton. May 29. (CSNH. OSU). 

Other species of the Genus Prasocuris possible for Ohio: P. plMandrU (L.), vUtata (Oliv.), 
ovaUs Blatch. 

Genus Labidomera Chev. 

L. clivicoUia (71) Adams, Ashtabula, Athens, Clermont, Crawford, Cuyahoga, Erie, 

Fairfield, Franklin, Hamilton, Jackson, Lake, Lickin£* Lucas, Meigs, Miami, Ottawa, 
. Pike, Ross, Summit. Jan. H-Nov. 1. (CM, CSNH, JHH, OSM, OSU, OU, RML). 


Genus Leptiaotana Stai 

L. decemlineata (Say) (197) Adams, Ashtabula, Athens, Cuyahoga, Brie, Franklin, Hamilton, 
Jackson, Knox, Meigs, Monroe, Ottawa, Portage, Sandusky, Washington. April 14- 
Oct. U. (CM, CSNH, JHH. OSM, OSU. OU, RML). 

L. juACta (Germ.) (229) Adams, Athens, Gallia, Hamilton, Hocking, Jackson, Lawrence, Mei^, 
Pike, Ross. Scioto, Washington. Mar. 29-Oct. 24. (CSNH, JHH, OSM, OSU, OU, 
RML). 

Genus Zygoframma Chev. 

Z. sttturalii (Fab.) (549) Adams, Ashtabula, Athens, Clark, Ci^ahoga, Brie, Fairfield, Franklin, 
Gallia, Geauga, Greene, Hamilton, Hocking, Jackson, Lake, Lawrence, Licking, Logan, 
Marion, Memna, Meigs, Perry, Pike, Portage, Scioto, Summit, Vinton. April 14-Oct. 2. 
(CM, CSNH, JHH. OSM, 6SU, OU, R^). 

Z. auttualia var. caita Rogers (^) Adams, Athens, Cuyaho^, Darke, Erie, Gallia, Hamilton, 
Jackson, Lawrence, Licking, PUcc. May ^S^t. 8. (CM, CSNH, JHH. OSM, OSU). 


Genus Calligrapha Br. 

C, tunata (Fab.) (1) Lucas. July 20. (OSM). 

C. aimilia Rogers (27) Athens, Cuyahoga, Hamilton, Hocking, Jackson, Licking, Pike. May 12- 
Oct. 4. (CM, CSNH, JHH, OSM, OSU. OU. RMlQ. 

C. praecelaia Rogers (10) Franklin, Hamilton, Pike. May 9-Aug. 18. (CSNH. JHH, OSM, 
OSU). 

C. elegana (Oliv.) (22) Ashtabula, Cuyahoga, Franklin, Fulton, Hamilton, Holmes. April- 
Wt. 6. (CM. CSNH, J[HH. OSM, C&U). 

C si^alans Lee. (10) Erie, Fairfield, Hamilton, Hocking*. Holmes, Jackson, Licking, Ottawa. 
May-Oct. 2. (CSNH. JHH, OSM, OSU). 

C. iihUadeKphlca (L^ (12) Chammign, Hocking, Jackson, Licking, Lucas, Scioto. May 18- 
Sept. 14. (JHH, OSM, Ou). 

C. multbunctata (Say) (8) Ashtabula, Cuyahoga, Hamilton, Summit. May 21-Aug. 0. 
(CM?, CSNH). 

C. muttin^tata var. hinbyaiia (Kby.) (96) Adams, Ashtabula, Athens, Champaign, Cuyahoga, 
Bne, Franklin, Hamilton, Highland, Huron, Jackson, Lake, Lucas, Meigs, Ottawa. Ross, 
Summit, Vinton. Washington, Williams. April 20-Oct. 22. (CM, C^NH, JHH, OSM, 
OSU, OU, RML). 

C multigtittata Stal Hamilton. (CSNH). 

Other species of the Genus Oatfigrapte possible for Ohio; C. rhoda var, walshiana Blatch,, 
rowena Knab. 


Genus Chryaolliui Mots. 

C. flavomarginata (Say). Van Dyke (1938) examined this species from Ohio (Leng Coll.). 

Other species of the Genus Ckrys<dina possible for Cttuo: C. auripennis (Say), subopaca 
(Rogers). 


Genus Plagiodafra Redt. 

Species of the Genua Plagiodera possible for versicehfu (Laich,). 

Genus Pkaadea 

P, riridUKMdsh.) (2) Ashtabula. April, (CSNH). " U h ' ; 

Genus Gaatnidaa Hope 

(Lr<} (7) Ashtabula, Auglaixe, Franklin, Hamilton; Licking. April 20-Sept. 20. 
(CSNH, OSM. OSU). 

G. cyaiM Melsh, (127) Adame, Ashtabula, Athens, Fairfi^d, Fraiiklin, Hamilton, Jackson. 

Perry, Portage, Vinton. April l8-iA«g, 20. (CM, CSNH, JHH, OSM, OSU, OU, 

G. ^aaea var. oaeaia Reefers (8) Ashtabula, Hamilton, June 1. (CSNH, OSU). 
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Genus Lina Me^. 

L, interns^ Fab. (811) Ashland, Ashtabula, Athens, Auglaize, Clermont, Cuyahoga, Eric, 
Fairfield, Franklin, Hamilton, Hocldng, Holmes, Jackson, Licking, Logan, Lucas, Meigs, 
Montgomery, Morgan, Ottawa, Portage, Sandusky, Summit, Vinton, Washmgton. 
April 1-Oct. 30. (CM, CSNH. JHH, OSM, OSU, OU, RML). 

L, tremiuae (Fab.) (2) Ashland, Ashtabula. June 22. (OSU). 

L. sciipta (Fab.) (71) Adams, Ashtabula, Athens, Erie, Fairfield, Franklin, Hamilton, Lake, 
Licl^g, Lucas, Ottawa, Ross, Vinton, Washington. June 7-Aug. 29. (CSNH, JHH, 
OSM, OSU, OU). 

L. acripta var. confluens Rogers (2) Lucas. July 7. (OU). 

L. obsolete Say (1) Lucas. May 5. (OSM). 

’ Genus Phirtodecta Kby. 

Species of the Genus Phytodecta possible for Ohio: P. americami Schffr. 

Genus Phyllodecta Kby. 

P. vulgatiaainui <L.) Listed for Ohio by Long (1920). 

P. americona var. pallipes Schffr. Listed for Ohio by I.#eng (1920). 

Other sp€jcies of the Genus Phyllodecta possible for Ohio: P. t*ilellinae (L.), atnericana Schffr. 

Subfamily Galerucinae 

Genus HalHcidea Horn 
H. externa (Say) (2) Hamilton. June 13. (CSNH, OSU). 

Genus Trirhabda Lee. 

T. virgata I^er. (147) Cuyahoga, Erie, Fairfield, Franklin, Hamilton, Huron, Jackson, Luke, 
Ottawa, Summit, June !2fi-Sept. 20. (CM, CSNH, JHH, OSM, OSU, OU). 

T. canadenais (Kby.) (19) Cuyahoga, Erie, Lucas, Ottawa. June 12-Aug. 15. (JHH, 
OSU, OU). 

Other species of the Genus Trirhabda possible for Ohio; T, borealis Blake. 

Genus Galerucella Cr. 

G. americana (Fab.) (3) Adams, Aug. 26, (JHH). 

G. cribrata (Lee.) (211) Ashtabula, Athens, Champaign, Clark, Darke, Fairfield, Gallia, Greene, 
Hocking, Jackson, Lake, Lawrence, Lucas, Meigs, Pike, Portage, Robs, Vinton. May 8- 
Oct. 13. (CM, JHH, OSM, OSU, OU. RML). 

G. aexvittata (L^.) (323) Athens, Gallia, Hamilton, Jackson, Meigs, Pike, Portage, Vinton. 

May 19-Sept. 24. (CM. CvSNH, JHH. OU, RML). 

G. cavicoUia (Lee.) (18) Ashtabula, Lucas, Ross, Vinton, Washington. June 2-Aug. 29. 
(JHH, OSU, OU). 

G. rufoaangttinea (Say) (1) Portage. July 30. (CM). 

G. Integra (Lee.) (3) Athens, Erie, Lucas. July 20-C)ct. 1. (OSM, OSU, OU). 

G. notnlata (Fab.) (47) Adams, Athens, Gallia, Hamilton, Jackson, Lawrence, Meigs, Pike. 

Scioto, Vinton. June 23-Sept, 24. (CSNH, JHH). 

G. notata (Fab.) (34) Ashtabula, Athens, Erie, Faimeldj Franklin, Hocking, JackBon, Medina, 
Portage, Vinton. Mar. 2^-Sept. 24. (CM, JHH, OSM, OSU, OU, RML). 

G. nsrmpiliaeae (L.) (231) Ashtabula, Hamilton, Jackaon, Licking, Portage, Sandusky, Vinton. 

May 3-S^t. 21. (CM, CSNH, JHH, OSM. OSU). 

G. tubercttiata (&y) Hamilton. (CSNTi). 

G. decora (Say) (4) Hamilton, Portage. May 3-Aug. 16. (CM, CSNH). 

G. Inteola Mull, (39) Butler, Franklin, Hamilton, Montgomery. Aug. 22-Sept. 18. (CSNH, 
OSM, OSU). 

Genus ParatrUrius Schffr. 

P. doraata (Say) (36) Hamilton. June 24-Aug, 2. (CSNH, OSU). 

Genus Diabetica Chev. 

D. duodecimpuActata (Fab.) (673) Adams, Ashtabula, Athens, Cuyahoga, Erie. PAirfield, 
Franklin, Gallia, Hamilton, Highland, Hocking, Holmes, Jackson, Lake, Lawrence. 
Licking, Lucas, Madison, Meigs, Monroe, Ottawa, Pike. Portage, Ross, Scioto, Stark, 
Vinton. Washington. Feb. 7-Nov. 12. (CM, CSNH, JHH, OSM, OSU, OU, RML). 

D, loii|dconil8 (Say) (104) Athwis, Coshocton, Cuyahoga, Franklin, Hamilton, Jackim, Meigs, 
Pickaway, Ross, Washington. July 12-Ocl. 7. (CM, CSNH, JHH, OSU, OU). 

D. atrlpeimia (Say) W Adams, Madison. June 7-Aug. 26. (JHH, tfeU). 

D. vittata (Fab.) (292) Adams, Ashtabula, Athens, Auglaize, Cuyahoga, Fairfield, Franklin, 
Gallia, Hamilton, Hocking, Jackson. Mete, Monroe, Pickaway, Pike. Putnam, Rois, 
Summit, Vinton. April 7-Nov. 7. (CM, CSNH, JHH, OSM. 6SU, OU, RML). 
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Genus PliyllotortlcA Redt. 

P. decorate (Say) (2) Clark, Greene, Lucas. June 3-June 25. (OSM, OSU). 

P. diecoidea ^ab.) (I) Franklin, Hamiltori. (CSNH, OSU). 

P» Umbata (Fab.) (25) Ashtabula. Athens, Hamilton, Hocldna, Jackson. Lucas. Vinton. 
June 6-July 8. (CSNH. JHH, OSM, OSU, OU). 

Other species of the Genus PhyUobrotica possible forOhio: P. viUata Horn. Un^i Blatch., 
sUnidts Schfir. 

Genus Luperodea Mots. 

L. meraca (Say) (21) Ashtabuk, Athens, Hocking, Holmes, Jackson. Vinton. May l-July 2. 
(JHH. OSM, OSU). 

L, cyaaeUus Lee. (12) Athens. Gallia, Wayne. May lO-June 13. (CSNH. OSU, OU, RML). 
Other species of the Genus Luperodts jtoesible for Ohio: L. tkoracicus (Melsh.). 

Genus Phyllectlirua Lee. 

P. gentilia Lee. (20) Athens, Gallia, Guernsey, Jackson, Lawrence, Meigs, May 30--June 24. 

(CSNH. JHH. OSU, OU, RML). 

P. doTBaUs (Oliv.) (i) Athens. June 9. (OU). 

Genus Galeruca Geoffr. 

G. pomonae Scop. (3) Athens, Hamilton, Hardin. May 20-“Sept. 10. (CSNH, OSM, OU). 

Genus Cerotoma Chev. 

C. trifurcata (Forst.) (165) Adams, Athens. Champaign, Cuyahoga, Fairfield, Franklin, GaiUa, 
Hamilton, Hocking, Jackson, Lawrence, Marion, Medina, Meigs, Pike, Portage, Rosa, 
Scioto, Vinton, Washington. May 1-Nov. 3. (CM. CSNH. JHH. OSM, OSU, OU, 
RML). 


Subfamily Halticinae 

Genus Blepharida Rogers 

B. rh(ria (Forst.) (640) Adams, Athens, Clermont, Coshocton, Fairfield, Franklin, Gallia, Ham¬ 
ilton, Hocking, Jackson, Knox, Lawrence, Licking, Lucas, Medina, Meigs, Pike, Scioto, 
Vinton. May 8-Oct. 18. (CM. CSNH. JHH, (^M, OSU. OU, RML). 

Genus Pachyonychus Chev. 

P, paradoxua Melsh. (10) Hamilton, Hocking, Jackson, Lawrence. May 22-June 9. (CSNH, 
JHH. OSU, OU). 

Genus Hypolampels Clark 

H. pUoui (III.) (7) Hamilton, Jackson, Woshin^on. July 2-July 12. (CSNH, JHH, OSU). 

Genus Oediosychii Latr. 

Oe, glbbltena (Say) (48) Athens, Clark. Erie, Fairfield, Franklin, Hamilton, Holmes, Jackaon, 
Mdgs. May 2-Oct. 10. (CSNH, /HH. OSM, OSU, OU, RML). 

Oe. thoracica (Fab.) (16) Adams, Athena, Erie, Hamilton, Hocking, Vinton. April 26-Sept. 24. 
(CSNH, JHH. OSM. OSU, OU), 

Oe. riiuts (Ill.) (24) Ashtabula, Athens, Franklin, Hamilton, Hocking, Jackson, Lawrence, 
Ucldng, Meigs. Peb. lO-Oct. IS. (CSNH, JHH, OSU, OU, RML). 

Oe. llmbriata (Forst.) (12) Athens, Hocking, Jackson. Feb. 10-*JuIy 31. UHH, OSM, OU, 
RML). 

Oe. pettufieto (Fab.) (2) Athens, Hamilton. June 17-Oct. 1. (CSNH, OU), 

Oe. miniate (Fab.) (4) Hocking, Jackson, Lawrence, Tune 1-July 4. (JHH,. OSM). 

Oe, tbyemome Cr, (2CHf Athens, Pranklm, Gallia, Hamilton, Vinton, Warren. May 2-Dec. 30. 
(CSNH, JHH, OSU, OU). 

Oe. eumtteta Horn (31) Ashtabula, Athens, Cuyahoga, Fulton. Hamilton, Jackson, Meigs, 
Scioto, Summii. Vinton, Wayne. »-0ct. fe. (CM, CSNH, JHH, OSU. OU). 

Ot, waumdatA (HI.) (21) Athens, Clark, Gflllia, (3feene. Hamilton, Scioto, Vinton. April 28- 
At«. 29. (CSNH, JHH, OSU. OU, RMU. 

^ Oe. quereeU (Fab,) (62) Athens, Fairfirid, Franklin, Gallia, Hocking, Holmes, Jackson, Pike, 
Scioto, Wmit. Vinton. April 27-Aug. 27. (CM, JHH. OSM, OSU, OU). 

Oe. ecalerie Mdsh. (1) Champaign. Sept. 6. (OSM)< 

Other species of the Genus Ckdimychis possible for Ohio: Oe* vians var. scripiicoUu (Say), 

oondnm (Pab,). 
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Genus Dtsott^du Chev. 

D. peniiMlvanicA (Ill.) (16) Ashtabula, Auglaize, Franklin, Hatnilton, Jackson, Ottawa, 
Portage, Washington, April 2^-Aug. 16. tCM, CSNH, JHH, OSM, OSU, OU). 

Dt prooera Csy. (11) Ashtabula, Jackson, Lucas, Washington. June 3-Jtdy 14* (JHH, 
OSM, OSU). . ^ 

D. usiintttSiA (Say) (42) Erie, Fairfield, Geauga. Jackson, Licking, Morgan, Perry. April 18- 
Aug. 7. (JHH, OSM, OSU). 

2). alteinaU (Ill.) (188) Ashtabula, Erie, Franklin, Hocking, Licking, Lucas, Ottawa, Preble, 
Ross, Washington. May 6-S«)t. 21. (JHH, OSM, OSU, OU). 
caroliiiiana (Fab.) Hamilton. (C^H). 

D. fumaU Lee. (1) Hamilton. (CSNH). 

P. discoidea (Fab.) (8) Athens, Hamilton, Jackson, Lawrence, Meigs. May »-Aug. 16. 
(CSNH, JHH, OSU, OU, RML). 

P, dkeoidea var. abbrerUta Mdsh. u) Athens, Hamilton. May 31-June 23. (CSNH, JHH). 
P. admiral^a Blatcb. (52) Adams, Gallia, Hocking, Jackson, Lawrence, Licking, Pike, Scioto, 
' Vinton, Washington. May IS-Scpt. 26. (JHH, OSM). 

P. glabrata (Fob.) (510) Adams, Athens, Fairaeld, Fmnklin, Gallia, H^ilton, Hocking, 
Jackson, Lawrence, Licking, Meigs, Pike, Ross, Scioto, Vinton, Washington. April 20- 
Oct. 23. (CSNH, JHH, OSM, OSU, OU, RML), 
ccdlata (Fab.) (1) Athens, Hamilton. June 26. (CSNH, JHH), 
aemlcarbonata Lee. (1) Athens. (RMLl. 

zanthomelaa (Dalm ) (61) Ashtabula, Athens, Cuyahoga, Erie, Franklin, Hamilton, Hocking, 
Jaclffion, Licking, Meigs, Portage, Tuscarawas. April 33--N0V. 1. (CM, CSNH* JHH, 
OSM, OSU, oil, RMQ. 

trUagularia (Say) (18) Athens, Erie, Fairfield, Franklin, Hamilton, Lake, Lucas, Portage, 
^ss. April 1 to 0-Aug. 28. (CM. CSNH, JHH. OSM OSU). 
melUcoUii (Say) (9) Athens, Hamilton. May 15-Nov. 8. (CSNIL RML). 
pallipei Cr, (4) Mercer, Portage, Summit. June 20-June 29. (CM, CSNH), 

Genus Spluierodeiiiui Steph. 
opima Lee. (H) Hamilton. May 19-July 18. (CSNH). 

Genus Altica Geoifr. 

binmiinata Say (30) Ashtabula, Erie, Hamilton. Hocking, Jackson, Lake, Licking, Lucas, 
Ottawa, Sandusky. M^ S-Oct. 20. (CSNH, JHH, OSM, OSU, OU). 
ehaiybea III. (34) Athens. Cuyahoga, Erie, Franklin, Hamilton, Hocking, Meigs, Richland, 
Ross. Mar, 29-Dec. 6. (CM, CSNH. JHH. OSM. OSU, OU, RML). 
knita Ill. (31) Athens, Fairfield, Franklin, Geauga, Hamilton, Hocking, Holmes, Jackson, 
Lawrence, Meigs, Vinton, April 23-Sept. 24. (CM, CSNH. JHH. OSM, OSU, OU). 
iilmJ Woods (141) Jackson. Nov. 11-Nov. 19. (JHH). 
corinata Germ. (2) Hamilton, Scioto. Aug. 29. (CSNH, JHH). 
fuacoaenea Melsh* (4) Hamilton. May 12. (CSNH). 
burgesai Cr. Hamilton. (CSNH). 

rufa Ill. (3) Franklin, Jackson. April 29-May 24. UHH, OSU, OU). 

Other species of the Genus AUica possible for Ohio: A. rosae Woods, c&rni Woods, cuprMms 
Blatch., aenescens Blatch., vicaria Horn, tormuiia Lee,, knabi Blatch., gloriosa Blatch., b§tMlae 
Schffr., evifM var. shoemakert Schffr., viatica Blatch. 

Genus Lactica £r. 

L. iria (Oliv.) (2) Adams, Pike. Aug. 12-Aug. 24. GHH). 

Genus Pi^iatilaca Clark 

P. blcolorata Horn (3) Hamilton. Mar. 24-Oct. 29, (CSNH). 


T. acabricula (Cr.) (7) Hamilton. 


Genus Tildialtica Har. 
May 14-June 4. (CSNH). 


Genus Cbakddaa Poudr. 

C. (L,) (1302) Adams, Ashtabula, Athens, Cuyahoga, Erie, Fairfield. Pranklbi, Gallia, 

Hamilton, Hocking Ta<toon, Lake, Lawrence, Peny, Pike, Ross, Scioto, Vteton, 

Washmgton. Am?l54r^ (CM. CSNlt, jHH.'OSR OSU, OU). 

C. lon^ Ath^ Hamilton, Jackson, Logan, Pike, Vinton. Mdy 3- 

Oct. 15. (CSNH, JHH, OSM, OU). . * ' 

Other species of the Genus Chaicoides possible for Ohio: C. helxincs var. tnahcia (Melah.), 
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Gentis Deroortpit Wetse 

D. trythropiui (Melsh.) (67) Adams, Athens, Franklinj Gallia, Hamilton, Hocldnr, Jackson, 
Lawrence. Mem, Ross. April 7-Oct. 7. (CSNH, THH. OSM, OSXJ, OU, RML). 

D. aMCttU (Dury) (K) Franklin, Hamilton. Apnl-May 24. (CSNH, OSU). 

Genus Cre^dodeni Chev. 

C, atriTentris Melsh. (48) Athens, Cuyahoga, Pranklm, Hamilton, Jackson, Lake, Pike, Scioto. 

Mar. 24-Oct. 21. (CM. CSNH, JHH, OSM, OU. RML). 

C, nitena Horn (6) Athens, Hamilton. May S-Aug- 1. (CSNH, JHH). 

Genus HiplMiriphila Poudr. 

H. modeeri (L.) (8) Hamilton. May 20. (OSU). 

Genus Bpitrir Poudr. 

E. ftiecttU Cr. (1503) Adams, Athens, Cuyahoga, Pairiield. Franklin, Gallia, Hamilton, 

Hocking, Jackson, Lawrence, Meigs, Pike, Ross, Scioto, Vinton. May 2'Oct. 21. 
(CSNH, JHH. OSU, OU, RML). 

E. humeralia Dury (16) Athens, Hamilton, Jackson, Meigs, Ross. May 1&-Aug. 23. (CSNH, 
JHH, OU). 

E. lobata Cr. (3) Athens, Hamilton. May 13-May 22. (CSNH, OU). 

S. cucumeria Har. (64^ Adams, Ashtabula, Athens, Cuyahoga, Franklin, Gallia, Jackson, 
Licking, Meigs, Pike, Ro^, Vinton, Washington. May 6-Oct, 18. (CSNH, JHH, 
OSM. OSU, OU). 

E. brevia Sz. (31) Athens, Cuyahoga, Jackson, Meigs, Ross, Washington. May 21-Aug. 26. 
UHH, OU). 

£. narvula (Fab.) (1471) Adams, Athens, Hamilton, Jackson, Lawrence, Meigs, Pike, Ross, 
Vinton. July 5-Sept, 2. (CSNH, JHH, OU). 

Genus Orthaitica Cr. 

0. copalina (Fab.) (18) Athens, Cuyahoga, Hamilton, Hocking, Jackson, Lawrence, Summit. 
May 26-July 30. (CM. CSNH. JHH, OSM. OSU. OU, RML). 

Other species of the Genus OrthaiUca possible for Ohio; Q. melim Horn. 

Genus Loperaltica Cr. 

L. fuecula (Lee.) (021) Adams, Athens, Gallia, Hocking, Jackson, Lawrence, Meigs, Pike, Ross, 
Scioto, Vinton. July 28-S^t. 26, QHH, OU, RML). 

L. aenilia (Say) (2) Hamilton, Homing, Scioto. July 20-Sept. 3. (CSNH, OSU. OU). 

Genus Mintura Steph. 

M. floridana Cr, (5) Cuyahoga, Franklin, Hamilton, Jackson. June 26-July 1. (CM, 

CSNH, JHH, OSM). 


Genus Qiaetocsteina St^h. 

C. pretenaa Lee, (4) Hamilton, Pike, Wayne. May 1-Aug. 18. (CSNH, JHH). 

C. denticuUU (Ill.) (9) Hamilton. May 14-Sept, 16, (CSNH). 

C. crihfifnma Lee. (176) Adams, Athens, Jackson, M^a, Scioto. July 4-Sept. 7. O^H). 

C. minota Melsh. (132) Adams, Athens, Franklin, Gallia, Hamilton, Hardin, Hocking, Jackson, 
Lake, Meigs. Ross, Vinton. April 39-S«t. 27. (CSNH, JHH, OSU, OU, RML). 

C. opulenta Horn (1) Hamilton. May 8. 

C. paroeputtctata Cr. Hamilton. (CSNH). 

C. puUcaria Melsh. (40) Athens, Franklin, Hamilton. April 30-Oct, 19. (CSNH, OSU. OU). 
.C. eonflnia Cr. (73) Adams, Athens, Cuyahoga, Franklin, Gallia, Hamilton, Jackson, Meiga, 
‘ Pike. WashiMton, Wayne. April 2^^t. 28. (CSNH. JHH, OSM, OSU, OU, RMLJ. 
C. eloactttnla Cr. (3) Adams, Wayne. May l-July 4. (CSNH). 

Other species of the Genus CkaeUfcnema possible for Ohio; C. irregularis Lee., subcylindrica 
Lee., fifnguis Lee., froteksa var. splendida G^tn. 


S. 


Genus S^ent Clark 

Imdionlai (Forst.) (172) Ashtabula, Athens, Cuyahoga, Fairfield, Franklin, Gallia, 
Ouems^, Vinton, Wayne. May 22- 


A^14^ (CM^ eSNH, JHH^OSM, OSU, OU, RML). 


frontaBa (Fab.) (33) Athens, Cuyahoca, Franklin. Jackson, Medina, Meigs, Portage, 
Washington. Jan. lO-Sept. 23. (CM, mH, OSM, OUj. 

8. el«nfatt (Fab.) (19) Athens, Cuyahogu, Oauia, Jadcaon, Medina, Meigs, Summit. July 27- 
^ov. 18. (CM, JHH, OSU). 
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S. tte&iAta (Say) (441) Adams, Ashtabula, Athena, Cuyahoga, Erie, Gallia, Haniilton, Jackson, 
Lake, Lawrence, Meigs, Pike, Ross, ^ioto, Shdby, Vinton, Washington. May 80-S^t. 7. 
(CSNH, JHH, OSM, OSU, OU, RML). 

S. blanda Mdsh. Putnam, Wood. Blake (1935) examined this species from the Ohio counties 
given, * 

S. tnandnaUs (Ill.) (49) Adams, Athens, Cuyahoga, Franklin, Gallia, Jackson, Lawrence, Metgs, 
PUcTRoss. Aug. 1-vSept. 17. (CSNH, jIlH, OSM, OU). 

Other species of the Genus SysUna possible for Ohio: S. plicata Blatch. 

Genus Longitorttit Latr. 

L. turbatus Horn (15) Hamilton. April 1-Nov. 6. (CSNH). 

L. altematus (Zieg.) (19) Hamilton. May l^-^une 21. (CSNH). 

L, teitftceut Mrish. (25) Athens, Cuyahoga, Hamilton, Jackson, Lake, Lucas, Meigs, Pike. 

Vinton. May 14-Oct. 15. (CSNH, JHH, OSU, OU). 

L. mobuiErus Melah. (16) Athens, Hamilton. April 23~Oct. 22. (CSNH, OU). 

L. Iniolena Horn (1) Hamilton. June 12. (CSNH). 

L. miseUus Blatch. (24) Hamilton. April 5-Ort. 26. (CSNH). 

Other speciet of the Genus Lonjtitarsus possible for Ohio: L. subrufus Lee., erro Horn, 
arenaceus Blatch., suspectus Blatch., saltatus Blatch., acutipennis Blatch., wterhousi Kutschera. 

Genus Olyptlna Lee. 

G. cyanipennis Cr. (2) Hamilton. July 8. (CSNH). 

G. bnumea Horn (22) Athens, Franklin, Hamilton, Hocking, Ross. Jan, 9-April 19. (CSNH, 
JHH, OSM, OSU, OU). 

G. ipuna Lee. (16) Athens, Cuyahoga, Hamilton. Mar. 25-Nov. 6. (CM, CSNH, OU). 

Other species of the Genus Glypiina possible for Ohio: G. hicolor Horn, ferruginea Blatch., 
lepiosoma Blatch., abbreviata Gentn, 

Genus Phytiotreta Foudr. 

P, flnnortciae (Koch) (114) Ashtabula, Athens, Cuyahoga, Franklin, Jackson. April 9-Oct. 25. 

(CM, JHH, OSM, OSU, OU). 

P- robustii Lee, (1) Hamilton. June. (CSNH). 

P. zimmermamu (Cr.) (61) Athens, PrankKn, Hamilton, Jackson, Knox, Lawrence, Meigs, 
Ottawa, Vinton. April 5-Aug. 19, (CSNH, JHH, OSM, OSU, OU, RML). 

P, vitUta (Fab.) (318) Adams, Athens, Cuyahoga, Franklin, Gallia, Hamilton, Jackson, Lawrence, 
Meigs, Scioto. Jan. 27-Oct. 25. (CM, CSNH. JHH, OSU, OU), 

P. blmurtuuita (Fab.) (60) Adams, Athens, Cuyahoga, Pranklin, Gallia, Hamilton, Jackson, 
Meigs, Summit. Apr. 22-Dec. 25, (CM. CSNH, JHH, OSU, OU). 
p, ulkei Horn (1) Franklin. April 5. (OSM), 

P. lindAhU Dury (6) Hamilton. May 20-May 30. (CSNH). 

P* picta (Say) (45) Adams, Athens, Gallia, Hamilton, Jadcson, Lawrence, Lucas, Ottawa, 
Vinton. May-Aug. 16. (CSNH, JHH. OSU. OU. RML). 

Other species of the Genus Pkyllotreta possible for Ohio: P. Uebecki Schffr., ramosa (Cr.), 
conjuncta Gentn , aenetccUis (Cr.), lewisU (Cr.). 

Genus Tanygaater Blatch. 

Species of the Genus Tanygaster possible for Ohio: T. opoHs Blatch. 

Genus Aphtbomi Chev. 

A. inaoHta (Melsh.) (3) Athens, Hamilton. May 22-May 24. (CSNH, OU). 

Genus DibbUa Latr. 

D, borealis Chev. (882) Athens, Franklin, Hatnilton, Jackson, Pike. Jan. 5-Dec. 26. (CSNH. 
JHH, OSU, OU, RML). 

Other species of the Genus Dibolia possible for Ohio; D, UhonoH Horn. 

Genus Ptylliodea Latr. 

punctulata Melsh. (4) Athens, Franklin. June 24^June 26. (JHH, OSU). 

P. coavexlor Lee. (17) Cuyahoga, Franklin, Hamilton, Jackson. April 24-Aug. 14. (CSNH^ 
JHH, OSM, OSU). 

Subfamily Hispinae 
Genus Stenippa Baly 

S. metj^ca (Fab.) (^) F^riield, Fr^anWih, OalJia, Hamilton, Jackson, Lawrence, Lkking, 
Pickaway, April 29-Sept. 8. (CSNH, JHH, OSU). 

Other species of the Genus Sterns^. posBible for Ohio: 5. coUaris Baly. 
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Genus Anoplitii Chap. 

A, iimequalis (Web.) (228) Adams, Ashtabula, Athens, CatTpll, Champaign, Cuyahoga, Fairfield. 

(jaUia, Hamilton, Hocking, Jackson, Lawrence, Meigs, Ottawa, Pike. Ross, Vinton, 
Washington. May fi-Dec. 29. (CM. CSNH, JHH, OSM, OSU, OU, RML). 

Genus Chalepus Thtmb. 

C. bioolor (Oliv.) (23) Athens, Clermont, Gallia, Hocking, Jackson, Lawrence, Meigs, Vinton. 

May ^ept. 3. (CSNH, JHH, OSM, OSU, OU). 

C. sc^islafls (OUv.) (6) Adams, Hocking, Jackson. July 2-Aug. 25. (CSNH, JHH, OSU). 

C. dorulit Thunb. (73) Adams, Ashtabula, Athens, Champai^, Cuyahoga, Gallia, Geauga. 

Hamilton, Jefferson, Lawrence. May lO-Oct. 20. (CM, CSNH, JHH, OSM, OSU, OU). 
C, homi (Smith) (4) Adams, Athens, Lawrence. May 13-Sept. 1. (JHH, OSU, OU). 

Genus Btlioeiis Weise 

B. ruber (Web.) (45) Athens, Champaign, Cuyahc^a, Fairfield, Franklin, Gallia, Hamilton, 

Hocking, Jackson, Ottawa, Ross. April 28-(5ct. 8. (CM, CSNH, JHH, OSM, OSU, 
OU, RML). 

Genus BracEhycoryna Baly 

Species of the Genus Brachycoryna possible for Ohio: B. ?melsherim^i (Cr.). 

Genus Octotoma Suifr. 

O. plicatula (Fab.) (21) Hamilton, Lawrence, Meigs. May 11-June 13. (CSNH, OSM, 
OSU), 

Genus Uroplata Baly 

U. poreato (Melsh.) (4) Athens, Hamilton. May 22-Aug. (CSNH, RML). 

Geitua Microrbopala Baly 

M. vittgta (Fab.) (48) Adams. Ashtabula, Champaign, Clermont, Cuyahoga, Erie, Fairfield, 
Hamilton, Jackson, Medina, Portage. May 16-Ort. 7. (CM, CSNH, JHH, OSU, OU). 
Other species of the Genus Microrhopala possible for Ohio: M. xcrene (Newn.), excamta 
(Oliv.), cyanea (Say). 


Subfamily Cassioinae 
Genus Cbelymorplia Bbh. 

C. cataidaa (Fab.) (88) Adams, Ashtabula, Athens, Clark, Clermont, Cuyahoga, Erie, Fairfield, 
Franklin, Fulton, Greene, Hamiltont Huron, Jackson, Lawrence, Licld^, Meigs, Ottawa, 
Pike, Ross, Sandusky, Summit, Vinton, Washington, Wayne. Feb. l^Sept. 12. (CM, 
CSNH. JHH, OSM. OSU, OU, RML). 

Genius Pliyioaota Boh. 

Species of the Genus PhysonoUi possible to Ohio: P. unipunctala (Say). 

Genus Casiida L. 

Species of the Genus C<iss{^ possible to Ohio; C, flaveola Thunb. 

Genus Jmilhonota Spaeth 

J. nkripes (Oliv.) (6) Clark, Cuyahoga, Greene, Hamilton, Jackson, Logan. June 8-Sept. 14. 
(CM, CSNH, JHH, OSU). 


Genus OratiaM Spaeth 

to. pallidula (Boh.) (127) Adams, Athens, Gallia, Hocking, Jackson, Lawrence, Meigs, Pike, 
Scioto, Washington. June 16-Aug. 29. OHH. OOT, ’DU), 

Genus Chirida Chap. 

C. guttata (OUv.) (175) Adams, Atheps, Cuyahoga, Erie, Fairfidd, Franklin, Gallia, Hamilton, 
Hocking, Jacksfe, Lake, Lawrence, Meigs, (Jttawa, Pike, Ross, Scioto, Seneca, Summit. 
Vinton; Washingto. April 28-Sept. 26. (CM. CSNH. JHH. OSU, OU, RML). 

C. guttata var. pemtuyiYaiiica (46) Athens, Cuyahoga, Fairfield, Franklin, Hamilton, High¬ 
land, Jackson, Lawrence, Meigs, Mercer, Pike, Vinton. May 5-Oct. 11. (CM, CSNH, 
JHH, OSM, RML). 


Genus Deloyala Chev. 

D. elavata (Fab.) (24) Ashtabula, Athens, Cuyahoga,' Erie, Hamilton, Hocking, Jackson, Meigs, 
Ottawa. Wood. May 24-Aug. 30. (CSNH, JHH, OSM. OSU, OU). 
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M. WvltllLte (Sa^ (176) Adams, Athens, Clark, Fairfield, Greene, Hamilton, Highland, Hodrittf, 
Tackscm, Lake, Lawrence, Meigs, Hke, Ross, Seneca, Vinton, Washington. April 15- 
Oct. 28. (CSNH, THH, OSM, OSU, OU. RML). 

M. Ucolor (Fab.) (311) Adams, Ashtabula, Athens, Champai^, Clark, Cuyahoga, Erie, Fair- 
field, Fra^m, GaUia, Greene, Hamilton, Highland, Hocking, Holmes, Jackson, Lake, 
Lawrence, Lucas. Meigs, Ottawa, Pike, Ross, Scioto, Seneca, Vinton, Washington. 
April 26-Oct. 13. (CM, CSNH, THH, OSM, OSU, OU, RML). 

M. purpurata (Boh.) (4) Athens, Hamnton, Vinton. May 17-Aug, 17, (CSNH, JHH). 
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A MUTATION IN CORN PERICARP 


DAVID C. RIFE,‘ 

The Ohio State University» 

Columbus»Ohio 

The ear of com shown in Fig. 1 was observed in a farmer’s com field. The 
color variation is in the pericarp, the dark area being red, and the light portion 
yellow, the latter being due to yellow endosperm showing through colorless peri¬ 
carp. The red pericarp was at first assumed to be the result of a mutation from 
colorless to dominant red pericarp. It was assumed that half of the red kernels 
should carry the gene for red pericarp in their embryos, if ovulary as well as 
pericarp tissue was descended from the mutant cell In onler to test this hypothesis, 
a few r^ and yellow kemals were planted separately. 




Fig. 1. Ear of com in which a mutation occurred in the pericarp. 

As predicted, half of the plants ^own from red kernels produced solid red 
iars and the other half produced solid yellow ears (five plants of each). Sur¬ 
prising results were obtained from the yellow kernels. Instead of producing only 
plants with yellow eai^, five produced plants with yellow ears and four pr<xluced 
plants with variegat^ ears. These variegated ears had red and colorless stripes 
m the pericarp of tbe individual kernels over the entire ears. 

A series of multiple alleles determines pericarp color (Emerson, 1917; Hayes, 
1917; Eyster, 1924). The gene P’" results in variegated. Another gene, 

,, results in colorless, which is dominant to'variegated. A third member of the 
series, P" results in solid red pericarp, which is dominant to lx)th colorless and 
vari^ated. 

‘Genetics Laboratory, Department of S&oology and Entomology. 

H3 * 
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The plant which gave rise to the ear shown in Fig. 1 must have been heterozygous 
for colorless and variegated (P^ A mutation from vari^ated to red 

^pvv^prr) occurred in the developing ear. Female gametes within the red 
kernels were of two genotypes, half P" and half P’^^ They were fertilized by 
pollen from tissue of genotype P^ Half of the offspring of the red kernels 

should produce solid red cars and half should produce solid yellow ears, 
^prr pwr ^ pw) T*he ycllow kemcls should produce offspring in the ratio 
of three with yellow ears to one with variegated ears (P^ P'^^ x P^ P^). While 
the niunber of plants grown was too small to differentiate between 1 :1 and 
3 :1 ratios, a mutation of the recessive gene for variegated to the dominant gene 
for solid red pericarp satisfactorily explains the peculiar breeding behavior. 

LITERATURE CITED 

Kmerso^R. A. 1917. Genetical studies of variegated pericarp in maize. Genetics, 2: 1-35. 
Hayes, H. K. 1917. Inheritance of a mosaic i^carp in maize. Genetics, 2: 260-284. 

Eyeter, W. H. 1924. A genetic analysis of variegation. Genetics, 9: 372-404. 


Manual of Medical PiiaaHology 

The contents of this book consist the following partsi Pnrface, Table of Contents. 
Trematodes, Cestode^ Nematodes, Intestinal Protozoa, Hemoflagellates, Malarial Parasites, 
of Man, Mosquitoes which Transmit Disease, Flies which TVanamit or Cause Disease, Other 
Bloodsucking Insects Which Transmit Disease, Ticks and Mites, Laboratory Diagnosis of 
Pamsitic infisetions, Reference Books, and Index. There are twelve pages of excellent figures 
and the one illustrating Plasmodium is in color. 

This manual is designed to aasist the medical student in identifying and studying in the 
laboratory those parasites which are often found in or on tnan. Nutnerou? comments will assist 
the student in understanding the ^idemblogy and especially the diagnosis of parasitic infectiomi. 
The manual is therefore valuable not only to students in college but to aB wishing a rapid first 
survey or a thorough review of a subject which World War II has forced Americans to study. 

—C. E* Venard. 

A Mantnl of Medical Pamilolofy^ by Clay O. Huff, x+88 pages. University of Chicago. 
Press, 6750 Ellis Avenue, Chicago 37, l^r Price, |1.50. 



AN ANALYSIS OF FISHING EFFORT AT INDIAN LAKE 


LOWELL E. BINKLEY,! 

Section of Fish Management and Propagation, 

Ohio Division of Conservation and Natural Resources, 

Columbus, Ohio 

Although the study of natural sciences dates back many centuries, the science 
of the management of fish populations is very young. Students of fish manage¬ 
ment have always been confronted with the major problem of estimating, within 
reasonable limits, the value of their efforts. Unlike the farmer, who may determine 
exactly the production of his lands, the biologist is still imable to determine the 
production of fish in any large body of water under natural conditions. 

Numerous plans for the practical management of fish populations have been 
offered. As yet, no satisfactory method has been developed for testing the relative 
values of these plans. Thompson and Bennett (1938) in Illinois and Swingle and 
Smith (1942) in Alabama and others have supplied excellent data on the pro¬ 
duction of fish in ponds and lakes under more or less controlled conditions. 

In newly constructed lakes it would be possible to keep a careful check on the 
number and weight of fish introduced. A check of all of the fish taken out of the 
lake over a period of years would produce some pertinent information, It is, 
however, impossible to contact all fishermen around most of our lakes. 

The use of special chemicals, electrical devices and nets promises to supply 
valuable data when we arrive at the point where it is possible to standardize this 
information. For the present, we must rely upon random samples obtained by 
a creel census. This census may be conducted by the personal contact method 
or on a voluntary basis. The personal contact method has proven to be the more 
satisfactory of the two methods. At Indian Lok^ we combined the two methods 
by placing twenty creel census iDoxes at popular fishing landings. The individuals 
operating these landings assisted the fishermen in making out their reports of 
catch. 

We should plan, however, to operate the creel census at Indian Lake over a 
period of years. Sufficient data may be acquired during this period to enable us 
to arrive at some definite conclusions as to the productive capacity of Indjan Lake. 

THE TOTAL CATCH 

As previously suggested, the ideal method for the operation of a creel census 
is to check the creels of all fishermen as they leave the lake. With the means we 
had available, it was impossible to check the fifty miles of shore line and the approxi¬ 
mately 7200 acres of water (Roach, 1935). The information obtained at this lake 
oyer a period of six months represents only a sample of the adult fish populations 
and provides no basis for computing the total production of fish. The total catch 
of 13,938 legal-sized fish by 1,104 fishermen results in an average daily catch of 
12 legal-sized fish per fisherman. Only 611 undersized fish were reported as being 
caught and retume4 to the water. Approximately four fish in every hundred 
caught were undersized. 

Throughout the period of the survey fifteen species of fish were caught. During 
April fourteen species of fish were caught sffid this number became less until, in 
August, only seven species were caught. Among the fifteen species of fish caught 

^Th« writer is indebted to Dr. T. H. Langlois, Director of The Theodore Franz Stone 
Laboratory, and Dr. W. C. Beaver, Department of Biology. Wittenberg College, for their 
assistance and advice. 
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were six r^resentatives of the sunhshes (Cmirarckidae) and three of the catiishes 
{Ameiufidat), This report should probably show five species of catfish but, due 
to the inability of the layman to separate the bullheads, it was necessary to consider 
them as one species. Nearly eight sunfish were caught to two of all other s^ies 
of And of this two, approximately one and a half were catfish. Table I lists 
the number of each species taken each month as well as the total number taken 
throughout the period of the survey. 

In considering only the sunfish and catfish it is interesting to observe that nine 
out of every ten of these two families of fishes caught in Apnl were sunfish. This 
ratio became systematically reduced until, in August, the ratio of six sunfish to 
four catfish resulted. In other words, the spring season is the best period to fish 

TABLE I 

Total Catch of Fish 
(Indian Lake Creel Cenau$) 


Species 

April 

May 




Sept 

Totals 

Crappie. 

4,460 

2,083 

222 

161 

274 

67 

7,467 

Bluegill. 

810 

564 1 

308 

457 

194 

79 

2,412 

Channel Cat . 

520 

423 1 

190 

360 

285 

100 

1,867 

L. M. Bass. 1 

606 

17 ! 

65 

56 

55 

0 

799 

Perch . j 

63 , 

58 ; 

50 

302 

130 

102 

705 

Bullheads.' 

231 

26 

34 

44 

86 

10 

403 

Sunfish. 

20 

26 

16 

36 

10 

23 

140 

Carp.. — 1 

Rock Bass. 

7 


to 

9 

5 

0 

34 

2 

22 ! 

1 

0 

0 

0 

26 

R. Trout. 

10 1 

^ I 

0 

0 

0 

0 

18 

S. M. Bass. 

0 ' 

2 

3 

0 

3 

0 

17 

White Bass. 

9 


0 

0 

0 

0 

12 

Wall-eye Pike. 

Blue Cat. 

^ 1 

9 

0 

2 

0 

0 

6 

0 ' 

0 1 

1 

1 

1 

1 

4 

Goldfish. 

2 1 

0 1 

0 

0 

0 

0 

2 

Totals. 

6.971 

3,234 

900 

1,428 

L023 

382 

13,988 


for sunfish and the late summer is the best period to obtain catfish. Table II 
indicates the percentage of the total catch per month for each species as well as 
the percentage of the total catch for each species. 

WicklifF (1935) conducted a state-wide creel census from seven Ohio lakes. 
From the data supplied in this report an average daily catch of eleven legal-sixed 
fish per fisherman was obtained. This survey, covering the same period of the 
year as the Indian Lake survey, further reveals that an average of 2.6 legal-sized 
fish were caught per hour. At Indian Lake an average of 12 legal-sized fish were 
caught at the rate of slightly more than two legal-sized fish per hour. This informa¬ 
tion is summarized for each month of the survey in Table III. 

THE WEATHER 

Weather conditions usually provide an excellent topic for discussion among 
fishermen. Some fish according to wind directions, others by periods of tiie moon, 
and, more recently, according to barometer readings. Ektily observations are 
made at the conservation office at RusselTs Point as to the air temperature, wind 
direction, relative strength of the wind, and precipitation. DaUy water tem¬ 
peratures, although not available, would be highly desirable. 
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April and May, th^i two coldest months of the survey, provided the best crappie 
During the remaining four months of the survey the crappie catches were 
considerably reduced. In fact, April and May are the hi^t months for most types 
of fishii^. During the month of April and the early part of May the average 
daily catch of all species of fish follows, very closely, the daily air temperatures. 


TABLE II 

Percentage of Catch Per Month 
(Indian Lake Creel Census) 


Species 

• 

April 

May 

June 

July 

Aug. 

Sept. 

Crappie. 

6fi 84 

04 40 

24 66 

n 27 

26 78 

17 03 

Blue^ill .... 

11 76 

14 34 

34 22 

32 00 

18 86 

20 86 

Channel Cat . 

7.69 

13.07 

21 11 

26.21 

25.90 

26 17 

L. M. Bass.. . { 

8.09 

0 52 

7 22 

3 82 

6 37 

0 00 

Perch ... 1 

0 90 

1 79 

6 56 

21 14 

12 70 

26 70 

Bullheads - > • 

3 46 

0 77 

3 77 

3 08 

8 40 

2 61 

Sunfish. 

0 41 

0 80 

1 77 

2 52 

0 97 

6 02 

Carp. j 

0 10 

0 09 

1 n 

0 63 

0 48 

0 00 

Rock Bass. . 

0 02 

0 08 

0 11 

0 00 

0 00 

0 00 

R. Trout. * 

0 14 

0 24 

0.00 

0 00 

0 00 

0 00 

S. M. Bass.. 

0 12 

0 00 

0 33 

0 00 

0 29 

0 00 

White Baas.... 

0 12 

0 09 

0 00 

0 00 

0 00 

0 00 

Wall-^e Pike.. 

0.04 

0 00 

0 00 

0 14 

0.00 

0 00 

Blue Cat ... 

0 00 

0 00 

0 n 

0 07 

0 09 

0 26 

Goldfish 

0 02 

0 00 

0 00 

0 00 

0 00 

0 00 


TABLE nr 

Catch Per Hour for Au- Species 
(Indian Lake Creel Census) 


Month 

Number of 
Fishermen 
Reporting 

Legal-aised 
Pish Taken 

Average Number 
of, Pish Per 
Fisherman 

Average Number 
of Leg^I'sised 
Fish rfer Hour 

April. 

574 

6,971 

12 14 

2 65 

May. 


3.234 

15.70 

2 29 

June. 

80 

900 

11 20 

3 07 

July. 

128 

1,428 

11 10 

2 26 

August. 

83 

1,023 

12 20 

1 50 

September.. 

33 

382 

11 50 

1 07 

Totals . . 

1,104 

-—. M . 

13,938 

12 60 

2 14 


In Other words, as the days becorne warmer the fishermen devote more and 
more time to fishing and, as a result, catch more fish. Once the waters of a lake 
reach their normal summer temperature^ daily changes in air temperature have 
Verjr little immediate influence xxpm the teihperature of the water. During this 
period no correlation between daily catches of fish and daily air temperature 
k evident. 
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THE CRAPPIE FISBINO 

*The best crappie fishing is provided during the months of April and May. 
From Table II it is quite evident that two out of wery three legal-siied fish caught 
during April and May are crappies. The remaining four months of the survey 
show decided decline in crappie catches. 

Although most of the crappie fishing is done from boats, there appears to be 
no great advantage over fishing from the shore. The average catch of legal-sized 
crappies among the boat fishermen was fourteen compared with twelve for the 
shore fishermen. Live minnows and artificial flies proved to be the most effective 
baits. All other types of baits used resulted in a fifty percent reduction in catches. 

THE BLUEGILL FISHING 

BaseK*! on the information presented in Table II, June and July appeal* to be 
the best months for bluegill {Lepomis macrockirus) fishing. This is probably 
tnic for the itiajority of fishermen. From this table it would also appear that 
April and May provided the poorest bluegill fishing. This resulted, no doubt, 
from the fact that most of the people fishing the lake were using live minnows 
for bait and this type of bait was not very acceptable to the blucgills. 

Those fishermen who specialized in bluegill fishing during April and May were 
very successful. Their average daily catch of blucgills was nearly seventy-five 
per cent of the daily bag limit of twenty blucgills. Using artificial flies, these 
fishermen consistently caught the most blucgills. Worms, although very popular 
as a bluegill bait, did not provide good catches except during the early part of the 
season. A boat is also essential to good bluegill fishing as is evidenced by the fact 
that the boat fishermen consistently caught twice as many blucgills as the shore 
fishermen. 


CHANNEL CATFISHING 

Table II reveals that July, August and S^tember are the best months for the 
majority of the channel cat fishermen. This table would also seem to indicate 
that April and May are not good months to fish for channel catfish {Icialitrus 
lacustris). However, the same conditions which held down the bluegiU catches 
during this period also appear to have reduced the catches of channel catfish. 
Very few channel catfish were caught with minnows. 

More channel catfish were caught per day with worms during April than at 
any other time during the six-month survey. Soft craws and shrimp also 
proved tb be very effective baits. A boat is essential for good catches of channel 
catfish as is evidenced by the fact that the average daily catch of the boat fishermen 
was three times that of the shore fishermen. 

LARGEMOUTH BASS PISHING 

For many years Indian Lake has been a favorite location for largemouth 
bass {Bufo salmoidts) fishing. The information supplied by these fishermen 
indicates that the month of April provides the best largemouth bass fishing. 
During this period the bass fishermen took home fifty per cent of the daily bag 
limit of six bass per trip. In fact, fifty per cent less time was required to catch a 
legal-sized bass in April than at any other time during the survey, The last 
two weeks of June also provided excellent bass filing. 

The boat fishermen consistently caught more bass than the shc^e fishermen 
and this indicates the importance or a boat for more successful bass fishing. During 
the early part of the season artificial baits were very effective. By t£e middle 
of July, soft craws’* appeared to be the best bait, 
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THE PERCH FISHING 

Although the perch {Perea fiavescens) ranked among the five most important 
game fishes during the period of the survey, this species appears to be finding it 
increasing more difficult to maintain itself. September provided the best perch 
fishing. The perch caught during the summer months are small while the larger 
perch are caught during the winter months. 

In view of the fact that the boat and shore fishermen caught, on the average, 
the same number of perch, there appears to be no advantage in fishing for perch 
from a boat During April and May most of the perch were caught with live 
minnows while worms provided the best bait during the remainder of the season. 

THE FISHING PRESSURE 

During the early part of the season most of the fishermen come from com¬ 
munities near and arourtd the lake. This is, no doubt, due to the fact that poor 
weather conditions discourage fishermen from driving long distances for a few 
hours of fishing. Lima supplies a higher percentage of the fishermen during 
this period than any other city. With the closing of the bass season throughout 
May and the first two weeks of June, most of the fishermen come from nearby 
communities. 

It is interesting also to observe that by the first of July local interest in angling 
reaches a very low level. This condition continues throughout the remainder 
of the season. Among the cities supplying most of the fishermen during this 
period were Columbus, Dayton and Springfield. The Miami Valley supplies about 
one-half of the fishermen visiting the lake while the remainder come from all over 
Ohio as well as neighboring states. 

THE CRKEI. CENSUS AND l-AKE MANAGEMENT 

The first step in planning an improvement project for a selected area is to 
complete an inventory. The creel census supplies information as to the size and 
relative abundance of the various species of fish inhabiting the lake. The program 
may then be directed toward improving habitat for the desired species of fish. 
Included in the inventory should be an evaluation of spawning facilities, cover 
and food supply. 

From the study of lakes it becomes Quite evident that each lake presents a new 
series of fish management problems. The size of the lake is also important due 
to the fact that the larger lakes arCi as a general rule, more difficult to manage. 
Fortunately, however, the numerous islands of Indian Lake more or less divide 
the lake into a number of smaller lakes. Each of these smaller lakes may be 
treated as individual cases. 

The major problem at Indian Lake is to reclaim the once productive bays of 
the east and west ends of the lake. Natural forces operating on a lake constantly 
move in the directiorf of destroying the lake. This movement can best be sum¬ 
marized as an ecological succession. As new soils are formed by the decompaction 
of aquatic vegetatiofi some areas become isolated ponds. In time these ponds 
become swamps and, eventually, dry land. 

Our first problem is to gain control of the aquatic vegetation dominating these 
hays. A certain amount pf aquatic vegetation is required by fish but when these 
, bays become solid'* with vegetation they no longer provide suitable habitat for 
the desirable species of fisii. The submerged aquatic vegetation of Dunn*s Pond, 
Cranberry, Long Island, Turkeyfoot and Sassafras areas require special attention. 
Waterwe^ {Elodta) and coontail {CeraiophyUum) constitute the vegetation problem 
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of the above mentioned areas. Both of these plants still dominate bays after 
several years of cutting with machines. Small pieces of the plants drift away 
during the cutting operation and supply many new areas with this type of 
vegetation. 

The emergent aquatic vegetation of North Fork, Bear Wallow and Lucy’s 
Pond present another t3rpe of vegetation problem. Cattails {Typh<i) constitute 
a major problem in these areas. This type of vegetation may be controlled by 
proper cutting. In Bear Wallow and Lucy’s Pond channels and ponds should be 
cut out by dr^ge operation. This action will provide for the maximum circulation 
of water. 

In areas where suitable gravel for spawning beds is not provided by dredging, 
additlonsd gravel may be supplied. This c.an best be done by moving the gravel 
out on the ice. When the ice melts the gravel falls to the bottom to provide 
excellent spawning beds for game fish. Logs and stumps should be left in these 
areas to provide the necessary amount of cover. Some'areas may require addi- 
tional cover and logs and stumps may be supplied. 

The improved areas should be set aside as sanctuaries throughout the spawning 
season. Such areas should be opened to fishing throughout the remainder of the 
year. The control of motor boats in fishing areas, proper bag limits, legal lengths 
and closed seasons complete the program. 

CONCLUSIONS 

1. The spring provides the best season for the greatest number and type of 
fishermen at Indian Lake. 

2. The crappie is the dominant fish of Indian Lake and will continue as 
the dominant game fish as long as the conditions within the lake remain as they 
are at the present time. 

3. The average daily catch of twelve legal-sized fish per fisherman compares 
favorably with other Ohio lakes. 

4. Boat fishermen usually catch more fish than shore fishermen. Boat 
fishermen caught twice as many bluegills as the shore fishermen. Three times 
as many channel catfish were caught per unit of time from a boat as ocwnpared 
with the shore fishermen. Very few largetnouth bass are caught from the shore. 

5. Those fishermen who specialize in certain types of fishing consistently catch 
more fish than the general’’ fishermen. 

6. The fishing pressure is supplied locally during the early part of the season 
while the more distant communities supply most of the fishing pressure during the 
latter part of the season. 
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A KEY TO THE GENERA OF ANISOPTEROUS DRAGONFLY 
NYMPHS OF THE UNITED STATES AND CANADA 
(ODONATA, SUBORDER ANISOPTERA) 

MIKE WRIGHT* and ALVAH PETERSON, 

Department of Zoology and Entomology, 

The Ohio State University 

Since the publication of “A Handbook of the Dragonflies of North America" by 
Needham and Heywood in 1929, much additional information concerning the 
immature stages has been accumulated and nymphs of a number of previously 
unknown genera and species have been described. Several students of the Odonata 
(Byers, 1936, and N^ham and Fisher, 1936), have published revised keys to 
certain families or subfamilies, but no comprehensive key to the order as a whole 
has as yet appeared. This paper covers till of the genera of Anisopterous dragonflies 
known from North America north of Mexico. Keys are presented for the iden¬ 
tification of the genera and a list of available literature for specific identification is 
appended. A glossary of all terms used and illustrations of the majority of the 
structures of nymphs are included. It is sqggested that the beginning student 
study closely figures E and F of Plate 1, figures L and N of Plate 3, figure G of 
Plate 4, and figure J of Plate 5 before attempting to use the keys. In these figures 
Me illustrated most of the structures used in the generic identification of Odonata 
nymphs, 

The senior author is responsible for the greater portion of the taxonomic part 
of this paper, while the junior author has contributed the many illustrations and 
has helped on the other portions. It was intended at first to present ke}^ to the 
whole order, but due to our lack of material in certain genera and to the extreme 
uniformity of the genera of the Coenagrwnidae, we have decided to delay publica¬ 
tion of the section on Zygoptera until more material and time for study are available. 

It is our hope that these keys will be useful particularly to students of aquatic 
biology and to those engaged in the study of foods of fish and aquatic birds. We 
are grateful for the constructive criticism coming from the many students in various 
Entomological classes and to the workers in foM analysis who have used this key. 
We are p^icularly indebted to Dr. E. M. Walker for his examination and much 
constructive criticism of this manuscript. Thanks are due to the University of 
Michigan Museum of ^loology for the loan of much material used in the preparation 
of these keys, Any ^tidsms or corrections from students using these keys will be 
gratefully rebeived by the authors. 

The following key is most successful with late instar nymphs. Also nymphs 
^killed and preserved in 95 pa cent ethyl alcohol have proven to be more satisfactory 
"for examination and identification than specimens killed or preserved in some 
other manner. 


*Ndw with die United States Department ct Agriculture, Bureau of Entomology and Plant 
Quarantine, Panama CitVi Florida. 
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Keys to Genera for Nymphs of AmsoPT^tA (Odonata) 

OF THE United States and Canada 

KEY TO SUBORDERS AND FAMILIES OF THE ODONATA 

1. External eUIs present in the form of three fiat triangular vertical plates at end of abdomm; 

head wider than thorax and gdadomen (6A).Suborder ZYOOPTERA. 2 

External gtUs absent; head not wider tlmn abdomen and thorax (lA), 

Shiborder ANISOPTERA. 4 

2. First antennal (6E) segment as longas the six succeeding segments together; mentum with 

a deep and open median cieft (fiD)...AORIONIDAE 

Antermal sements all of approximately the same size (6A); mentum entire or with a 
closed median cleft (fiF)....3 

3. Mentum with a median closed cleft; the mentum spoon shaped* its batie reaching to meso- 

thoracic coxae or beyond (fiB).LESTIDAE 

Mentum entirei without a median cleft; mentum fiat, not spoon shaped* its base not 
reachtng^much beyond prothoracic coxae (6C).COENAGRIONIDAE 

4. Labium fiat, of nearly so; without stout setae on the mentum (3P).5 

Labium spoon {diaped* covering the face to the base of the antennae (IF); mentum armed 

with stout setae (3L).7 

5. Antenniie 4-segmented (3 C, D, E); pro and metatarsi with but 2 segments (lA), 

GOMPHIDAE 

Antennae 6- or 7-segmented (3 A, B); all tarsi with 3 segments (with the exception of 
Gomphaeschna in which the fore tatsi have but 2 segments).6 

6. Antennal segments short, thick, and heavily setiferous (3B); a pair of latero-dorsal tufts 

of long black bristles on abdominal segments 2 or 3 to 9 (4K).PET ALU RID AE 

Antennal joints slender and bristle-like (3A); no latero-dorsal abdominal hair tufts present, 

AESHNIDAE 

7* Distal edge of lateral lobe with large, irregular teeth {3H); mentum with a median cleft, 

CORDULEGASTERIDAE 

Distal edge of lateral lobe entire, or with small, even-sized crenulations or teeth (31); 
mentum lacking a median cleft.LIBELLULIDAE 

Family Petaluridae 

There are but two genera of this family known from the United States and 
each is represented by but a single species. Only the nymph of the eastern species 
is at present known. 

The species are: Tanypteryx hagtni Selys (western) and Tachopteryx thareyi 
Hagen (eastern). 


2 . 


3. 


Family Gomfhidas 

Key to Genbra 

Tenth abdominal segment nearly as long as all other abdominal segments combined (4 £), 

Oempiioideft wmamaoid 

Tenth abdominal segment shorter than eighth and ninth abdominal segments con^bined 

(4A-D). ..:.2 

Mesocoxae closer together at base than procoxae (41); fourth antennal segment eloi:igate, 

as long as first antennal segment (3E).Profe ma htig 

Procoxae and mesocoxae approximat^y same distance apart at their bases (4 J); fourth 

antennal segment never as above. tumaUy a attoU rotmded knob (3 C* D). ... i.3 

cases divergent not parcel with mefton (I C).. .... .,.. .4 

Wing cases parallel with meson (1 A).,..5 

Dorsal hool^ present on abdommal 2 or 3 to 9; those on the caudal wjgmMtts 

being hook-like and curved dorsad..... 

Dorsal hooks present only on abdominal segments 2 to 4; sc^meats S and 9 may have a 
slight thickening on the tntd-dorsal Une* out these are never as described abo^, 


EjCPUNATIOK op pLATg i 
ANISOmAA 

A. Dorsal view of D. Antetm of ImAus. 

B. Antcm^dijiafmtus. E. t>[w«ad viewof 

C. Dorsal view ofF. Lateral view of 
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5. Third antennal segment thin, flat, and suboval (1 B, D).fl 

Third antennal scment elongate or linear, usually cylmdrical (3 C).\ . 8 

6, Body depressed; aodomen sulx;ircular, almost as wide as long (1 A).B^agenlus 

Body not so deposed; abdomen twice as long as wide (1C). . . 7 

7, Short lateral spines present on abdominal segments 7 to 9; third antennot segment 

narrow, about twice as long as wide (3D). .. Ootogomiidius 

Short lateral spines present on abdominal se^ents 8 and 9; third antennal s^ment wide, 
fully as wide as long (ID)... .Lan^us 

8. Abdominal segment 9 rounded dorsally and without a sharp apical spine (■■ dorsal hook); 

or, if a dorsal hook is Resent on abdominal segment 9, then the segment is longer than 

wide at its base (4 C, D).Oomphufl 

Abdominal segment 9 with an acute mid-dorsal ridge with a spine (m dorsal hook) at its apex; 

this segment never as long as wide at its base (4 A, B).9 

0. Lateral anal appendages as long as the superior appendage; fourth antennal sement a 
conspicuous upturned conic nidiment about as long as the second segment.. Gomphoideg 
Iw^teral anal appendages never more than three-fourths the length of the superior 
appendage (4 A); fourth antennal segment a small round structure, not as described 
above (3 C) . .Dromogomphus 


Family Aeshnidae 
Key to Genera 

1. Lateral lobes of labium with stout lateral setae. . .. Gynacantha^ TriacanthagyxM 

I.^teral lobes lacking any lateral setae (3 O, P).2 

2. Protarsi with 2 segments, meso and metatarsi with 3 segments.Oomphaeachna 

All tarsi with 3 segments.3 

3. Distal border of mentum with a pair of sharp, parallel spines, one on each side of the 

mental cleft (3 0).Corypbaeadma 

Distal border of mentum not so armed (3 P). ... .4 

4. Lateral spines present on abdominal segment 7 to 9, (see Note S) . . ,. .. Anax 

Lateral spines present on abdominal segments 4, 5 or 0 to 9.5 

5. Caudodateral margin of head from dorsal view with two large, well-developed tubercles 

(2 L); apex of superior anal appendage truncate or but feebly emarginate (4 H); eyes 

small, occupying only one-third of the lateral margin of the head (2 L).6 

Caudo-lateral margin of head from dorsal view never with two tubercles as described 
above (2 K); apex of superior anal appendage deeply emarginate (4 F, G); eyes large, 
occupying about half of the lateral margin of the head (2 K).7 

6. Low but distinct dorsal hooks (best seen from lateral view) present on abdominal seg¬ 

ments 7 to 9 (4 H); apex of lateral bbe broadly rounded; lateral anal appendages less 

than half the length of the superior.Natiaecbna 

Dorsiil hooks absent on alt abdominal segments; apex of lateral lobe truncate; lateral anal 
appendages more than half the length of the superior. Epiaeschna 


Note B. Two species of the genus Aeskna {A, caerulea Burm. and A, silekensis Hagen) have 
lateral si^nes on sejfments 7 to 9 only. They would thus key out to Anax. Calvert (1934) reports 
an occasional individual of Anax jumus with small lateral spines on segment 6, The larger size 
of the Anax nymphs should be indicative, but the following characters are useful when in doubt 
(applicable to fully or nearly grown individuals), Anax —superior anal appendage but sightly 
shorter than'inferior; inferiors about one and one-half times as long os mid-dorsal length of seg¬ 
ments 9 and 10; male appendate (on dorsum of superior appendage) truncate or concave at apex 
and half or less than half the length of the lateral appendages; ovipositor (in A, juntus) only 
about two-thirds the lenrth of s^ment 9, not reaching hind margin of 9. Aeshna —(lateral spin^ 
on segments 7 to 9 only); superior appendage about one-fourth shorter than inferiors; inferiors 
about subequal in length to mid-dorsum of segments 9 and 10; male appendage triangular with 
a blunt, rounded apex and about three-fourths as long as lateral appendages; ovipositor reaching 
to proximal third or fourth of segment 10. , 


A. Libellula, 

B. Phikemis. 

C. Paltotkems, 

D. Somatocklora, 

E. Piatycorduiia, 


Explanation or Plate 2 


ANISOPTERA 

Heads, all dorsal views except figure N. 


P. Neurocordulia. 

G. Trame<i. 

H. PachydMGx, 

I . Lmcorrhmia, 

J. CeUthemis. 


K. J^asia^chna. 

L. Nasia^ohna, 

M. Macromia, 

N. ifecrowte, lateral view 

O. Octogomphus. 
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7. 


8 . 


Lateral t^iines present on abdominal segments 6 to if tbare is a aznaH spine on segment 5 
then the caudo-iateral xnargln of the head ia rotinded and the kteral anal ap^mdages 

one-half or greater than one-half the leo^ of the inferiors (res iVa/e I).AeShiw 

Lateral npines present on abdominal segments 4 or 5 to 9; cando-lateru margins of the 
head mstmctly angulate» or. if obtuiely angnlate or rounded, Uten the lateral anal 

appendages are but one-fourth the length of the inferiors...7 

Latew lobe of labium obtuse or subtruncate at tip (3 P); median border of lateral lobe 

with distinct, more or less square-cut teeth..*.Bejrerla 

Lateral lobe of labium with a taper pointed tip (8 G); median border of lateral lobe with 

indistinct denticulatkm.. Baabeadma 

Nymphs unknown.'.Oj^onaettfilina 


Family Cordulaegastbridae 

The majority of the papers fotmd in the literature indude all species of this 
group found in our fauna in one genus» Cordulae^ter. Byers (1930)» however, 
lists three genera. His discussion of this family is worthy of note and is to be 
found on pages 82 to 89 in his monograph. 

Family LiBmxyuDAB 

Key to Sobfamiues 

1. Head with a prominent frontal horn between the bases of the antmnae (2 M. N). Macromtinae 

2. Head without su<^ a projection (2 A. D).Cordulunae, Libellnllnae 


Subfamily Macromhnae 
Key to Gekeiia 

1. Lateral roines of ninth abdominal segment reaching less than half way to apex of anal 
appenaages (5 A); cephalic margin of head noticeably wider than caudal margin (2 M). 

Macromla 

Lateral ^ines of ninth abdominal segmoit reaching to apex of anal appeiftlages (5 B); 
cephalic and caudal maigins of head subequal in width. 

Subfamilies C^rduuinae and Libelluunae 

There are no points which will separate all of the members of one subfamily 
from all of the members of the other subfamily, hence the genera are keyed out 
together. In compiling this key liberal use has been made of many sources, the 
most important among them being Byers (1936) and Needham (1936). 


Kby to Gekera 

1, Abdomen with dorsal hooks or knobs present on one or more segments. 2 

Abdonfien with dorsal hooks or knobs absent on all segments.21 

2. A dorsal hook or knob present on abdominal segment 9.3 

No dorsal hook or knob present on segment 9.12 

3, Lateral spines of abdorninal segment 9 reaching to or beyond the tips of the anal 

appendages (1 E» P; 6 C)...4 

Lateral spines of segment 9 shorty not reaching to tip of anal appendages (6 E--H).7 

4. Lateral spines of segment 8 set at an angle to l^e long axis of the aMcnnen, not patalUd 

to those of segment 9 (6 C. D)... ....5 


Lateral spines cf segment 8 not at an angle» usually parallel to those of segment 9 (1 E).. .6 


EXPLAKATfOH OE PUtB 3 


c. 

D. 

E. 

F. 

G. 

H. 
L 


AHtSOPT&RA 


Antenna of Aeschna. 

Antenna of Tac/to^^eryx. 
Antenna of Dromagompkus. 
Antenna of Octogomphus, 
Antenna of I^rogomphus, 
Lateral lobe ol Bayerw, 
Lateral lobe of Bmofis^kna* 
Lateral lobe of CardtiUgosUr, 
Lateral lobe of Ptmiaia. 


J. Lateral lobe of Tramea, 

K. Menttim and latei^ 1 oIh 3S of 

L. Mentum and lateial lobes of 
H* Mentum and lateral lobies cl 

O. MentumicidktDralloliwB of 

P, Mentum add lateral lobes eCAesrihai. 
y. Antenna of , 


Figures K to P show dorsal smfacse (inner siUlace of xneotitm w is at rest)* 




















odonata-anisoptera plate a 


ANTCNNAE AHO PARTS OF LAftlUM 




E. PROCOMPHUS 


B TACMOPTCRYX 





FdOYCWA Gsasueschna 


LATaHAi. MlftC 

H. CORDULCOASTER 1. PANTALA 



Jl TRAMEA 






Paeschna 
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5. Frontal shelf, between bases of the antennae, produced into a prominent flat triangle (2 E), 


6 . 


7. 


9. 


10 . 


11 . 

12 . 


13. 


14. 


15. 


10 . 


17. 

18. 
19. 


20 . 


Frontal shelf, between bases of the antennae, low and rounded, not produced into a 

flat triangle (2 F).Katttocordulia 

Distal half of dorsal surface of mentum heavily setose; lateral setae 4 to 5 (3 L), Eiflcofxlulia 
Distal half of dorsal surface of mentum with few or generally no setae; lateral setae 6 to 8, 

Tetragoneuria 

Superior and inferior anal appendages long; a$ long as mid-dorsal length of abdominal 

segtnents 8 and 9 (5 £).Cannacria 

Superior and inferior anal appendages short; shorter than mid-dorsal length of abdom¬ 
inal segments 8 and 9, usually not longer than mid-dorsal length of either segment (5 H), 8 

Lateral anal appendages nearly as long as the superior app^dge. 9 

Lateral anal appendages one-half or less the length of superior appendage.10 

Dorsal hooks absent on segments 3 to 4, crenulations of the lateral lobes deep (31), 

HelooorduUa 

I>orsal hooks present on segments 3 and 4; crenulations of lateral lobes shallow (3 J), 

Somatochlom 

Mental setae 9'10; length when full grown less than 18 mm.; dorsal hooks on segments 

3-9.11 

Mental setae 14^15; length 24 mm. when full grown; dorsal hooks on segments 2-9, 

Brechmorhoga 

Lateral setae 5, crenulations of distal margin of kteral lobe deep. Peritheznis 

Lateral setae 7-10; crenulations of lateral lobe obsolete.Dythemis 

Eyes at side lateral of head, (2 G, H, I and J, see Note 5). .13 

Eyes capping the (ephalo-lateral angles of the head, more fronUl than lateral, (2 A, B 

and C, see Note 3) . .17 

lateral setae 7; lateral anal appendages nearly as long as superior appendage.. Dorocordulia 
Lateral setae 7 to 14; latcTdl anal appendages usually a^ut half the length of the 

superior appendage. 14 

Dorsal hook present on segment 3; inferior anal appendages subequal in length to 

superior appendage.15 

Dorsal hook absent on segment 3; inferior anal appendages markedly longer than 

superior appendage.16 

Dorsal hook present on segment 2; lateral spines of segment 9 as long or longer than 

lateral margin of segment. Macrodiplax 

Dorsal hook absent on segment 2; lateral spines of segment 9 one-half or less the length 

of segment 9; or if as long the apex not curved mwially.Leacorrhioia (in part) 

Lateral spines of abdomen long ^nd straight, those of segment 9 extendmg to or beyond 

the tips of the inferior anal appendages.Celltlittmis 

Lateral spines of abdomen short, not reaching tips of anal appendages, curved toward 

meson (5 F).Sympetrum (in part) 

Inferior and superior anal appendages subequal in length.18 

Inferior anal appendages noticeably longer than the superior.Sympetrum (in part) 

Mental setae 0to4 .Ladona 

Mental setae 8 to 15 (3 K). 19 

Body smooth; mental setae 14 to 15; low dorsal hooks on segments 2 to 6; crenulations 

of lateral lobes very deep (3 1).Paltofliamia 

Body hairy; mental setae 8 to 13; dorsal hooks on segments 3 to 6 or 8; crenulations mod¬ 
erate or absent (3 J).20 

Median I6be of labium crenulatc on its distal margin (3 M); abdominal segments 7 to 9 

with black, shining mid-dorsal ridges.Plathemia 

Median lobe of labium evenly contoured (3 K); abdominal segments 7 to 9 without such 
ridges.UbeHtila 


Explanation of Plate 4 


ANISOPTERA 

A. Dorsal view of caudal segments of Bromogomphis, 

B. Lateral view of caudal segments of Dromogomphus, 

C. Dorsal view of caudal segments of Gompkus* 

D. Lateral view of caudal segments of Oomphus. 

K. Dorsal view of caudal segments of Gom^oides. 

F. Ventral view of caudal segments of Basid^schna. 

G. Dorsal view of caudal segments of Basiaeschna, parts named. 

H. Dorsal view of caudal segment«( of Narzatfic&na, 

I. Ventral view of thorax of Frogomphts. * 

J. Ventral view of thorax of Gomphu^. 

K. Dorsal view of caudal segments of Tach^pteryx. 
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21 . 


23. 


24. 


25. 


26. 

27. 

28. 


29. 


30. 


31. 

32. 


33. 

34. 


36. 


86 . 


Apical third of inferior and lateral anal appendages strongly decurved (6 G).22 

Apical third of all anal appendt^es straight, not dtcuxvtd ventrally (51).23 

A itiinute lateral spine on abdominal segment 9$ lateral setae 11 or 12.X^pCheiiile 

No lateral spines on abdomen; lateral setae 7 to 9.....(wldetottiMiiit) Bcytliemia 

Eyes capping the cephalo-latenU angl^ of the head, usually smw and not very prom* 

inent (2 A, B and D, see Note 3)......24 

fiyes at the side lateral of the head* large and prominent on a usually triangular shaped 

head (2 G, H and I, see Note 8) ....29 

Lateral anal appendages nearly as long as the superior...25 

Lateral anal appendages one-third to one-half as long as the superior; oremdatkms of 

lateral lobes shallow or absent (3 T).27 

Crenulatkms of the distal margin of the lateral bbe obsolete, merely indicated by about 

^teen single spinules.Fiettdoleoii 

Crenulations of the distal margin of the lateral lobe deep with groups of 2-7 spintdes on 

each tooth.26 

A dark longitudinal stripe present along the dorso-lateral margins of the thorax.. .CorduUa 

Thorax unSxdored, no such stripe present.Eknnttocihleirm (in part) 

ljateral.apines present on abdommal segments 8 and 9...28 

Lateral spiim present only on abdominal segment 9.Tarnetrum 

Mentum wi^ distal margin crenulate (8 M); abdominal segments 4 to 7 with dorsal 

tufts of long hair. .Ortiiemia 

Mentum with distal margin entire, evenly contoured (3 K); abdominal segments 4 to 7 

not as above. libellula 

Anal appendages long, slender and needle-pointed; lateral spines of segments 8 and 9 
long and curved toward meson^ thoseon s^ment 8 at least as long as mid-dorsal length 

of segment 9 (5 I, K)...30 

Anal appendages snort and heavy, not projected into a long, needle-point; lateral spines 
on sclents 8 and 9 flat and straight, those on 8 not as long as ^d-dorsal length of 

segment 9 (6 I).*.31 

Lateral spines of abdominal segment 8 but slightly shorter than those of segment 9: 
Lateral spines of segment 9 reachixv tips of atuu appendages (5 J): crenulations of distal 

margin of lateral lobe shallow (3 J).Tnunsa 

Lateral spines of abdominal segment 8 only one-third size of those of segment 9; lateral 
spines of segment 9 not reaching tips of anal appendages (5 K); creniuations of distal 

mar^ of lateral lobe deep (3 1)...Pontala 

LateraJ Setae 6 to 7; lateral anal appen<lages more than half as long as the inferiors.32 

Lato^ setae 9 to 14; lateral anal append^es less than half as long as inferiors.33 

Lateral setae 6; mental setae 9 to li; inferior and superior anal appendages subequal in 

length.WamioflMwniit 

Latest setae 7; mental setae about 14; inferior anal appendages longer than superior 

appendage..Cotdulla 

Lateral spines absent on segment 8.Tametruni 

Lateral spines present on s^ment 8. 34 

Lateral spines of abdominal segments 8 and 9 subequal in le^h; some species with 
prominent bunches of setae present on the dorsum of abdominal segments 4 to 9, 


Lateral spines of abdominal segments 8 and 9 unequal in length; those of 6«^ent 8 
about half those of segmmt 9; never with prominent bunches of setae as described 

above (5 1).35 

Lateral spines of segment 9 equal to greater than the mid-dorsal length of segment 9 
(5 I); antennae colored black and white (3 QJ; a dark colored ridge runnit^ mesad 

from meso-caudal |k>rtion of eye (2 H). PmdtyiUpUx 

Length of lateral spines of segment 9 leSs than the mid-dorsal length of segment 9; 
antennae not colored os above; no ridge nmniag mesad from eyes as described &boye 

(2 1).teacoRfiiiik (in pari) 

Nymphs unknown.WHUamioiiia 


Note 5. In certain cases the positkm of the eyes on the head is a difficult point to determine; 
in such instances the specimens should be run thnnigb both forks of the key. 


Exhamatiok Of Pum 5 

ANisomkA 

Caudal segments of abdomen^ all doUNd views except G. 

A. Macromia^ D. Nouroofcdidia yamesJ^aemsis Wrov, H. Fenthemis, 

B. Didymps. E. Cmmorkt. X. Fechydiidax, 

C. NmtoccfMla P. Shmp^m. T. tremea, parts named, 

oftrofotoSay. G. ktisral vfow. K. FmuHta, 
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Glossary 

Acute —A ridge or projection sharply pointed at apex (4 A and B). 

Anal appendages —^the five movable appenda^ (4 G and 5 T) borne on the distal end of the 
abdomen, namely; superior (1); imerior (2); lateral (2). See further discussion under each. 

Angulate —produced into an angle, used in describing the contours of head and body sur¬ 
faces. f2K). 

A(apical)—the distal portion or end of an appendage. 

Base (basal)—^the proximal portion or base of an appendage. 

Cleft —Gn the labium a longitudinal split present on the meson of the mentum, referred to as 
mental or median cleft 3 O and P.*, 

Conic -short, knob-like structure, used here in describing the fourth antennal segment of 

certain Gomphines (3 C and D). 

Contour^ The outline or periphery of surfaces. 

Crenulate —having small blunt teeth (scallops) which are evenly rounded and rather deeply 
curved (3 I and J). 

Crenulations—^h^ name applied to the individual small rounded teeth described above. 

Cylindrical— and round, used in describing appendages (3 C, third segment). 

Decurved —bent of curved downward (vaitrally). Usm to describe anal appendages of certain 
genera (5 G). 

Denticulate —having small usually sharp pointed teeth (3 N). 

Denticulation —term applied to an individual tooth described above. 

Depressed —flattened dorso-ventrally. 

Divergent —not parallel, projecting away from the median line. Used to describe certain wng 
pads and lateral spines. (Plate 1, compare wing pads of fig. C with those of fig. E and plate 
5 C, see lateral spines of segment 8). 

Dorsal hook—a stout usually prominent spine located on the raid-dorsal line of the abdominal 
segments (IE and F). In some cases these may be knob-like (5 D), 

Elongate —lengthened, much longer than wide. Compare 10th abdominal segments of 4 E 
and 4 G. 

Emarginate’^^xth an obtuse, rounded or quadrate section cut from a margin. See superior 
appendages of 4 F and G 

Entire —with an even, unbroken margin and not denticulate or crenulate, note distal margin 
of mentum (3 L). 

External pUs —present in the Zygoptera These are the tracheal gills in the form of three flat 
or triangular, elongate plates borne on the caudal end of the abdomen. They consist of 
one median and two lateral gills (6 A and C). 

Frontal horn —a pyramidal projection of the forehead located between the bases of the antennae 
(2 M and N). 

Inferior anal ap^ndages —a pair of identical structures borne on the ventro-caudal margin of the 
tenth abcfominal segment, morphologically they are the paraprocts (subanal or podical 
plates) (4 G and 5 J). 

Lateral anal appendages —a pair of identical structures borne on the laterio-caudal margins of the 
tenth abdominal segment, morphologically these are the cerci (4 G and 6 J). 

Lateral lobe —a pair of variably shaped segments articulated to the disto-lateral margins of the 
mentum of the labium, see vanous figures'3 P to O. 

Lateral stout setae borne on the latero-dorsal margins of the lateral lobes (3 H to M). 

lateral spines—mineAike projections from the caudo-lateral margins of certain abdominal 
segments (4 G and 5 T), 

Mentum —The most distal unpaired section of the labium usually bearing distinct lateral lobes. 
Among higher odonates it is broad, curved and spoon-shaped (8 K to O). 

Mental setae^a. prominent row of strong setae borne on each proximal half of the dorsal (erttal) 
surface of the mentum. The two rows arc usually identical in number and structure 
(3 K to M). 

Mesad — Towards the median plane (or line) of the body. 

Afss/w—the median plane (or line) of the body. 

Obsolete —almost or entirely lacking; not fully devdoped. Used to describe crenulations of the 
lateral lobes of certain forms. Compare 8 I and 3 J. 

Obtuse — not pointed; at an angle greater than a right angle. 

Setose —thicldy covered with setae (3 B. E and L), 

Sub — The prefix sub is used to denote that the structure described is almost os noted; i. e., sub- 
circular, fiuboval, subequal, subtruncatc, etc, 

Superior appendage —an unpaired structure borne on the mid-dorso-caudal margin of the tenth 
abdominal segment, morph<>logical!y the epiproct (supra-anal plate), (4 G and 5 J). 

Taper-pointed — with a sharp point which may curve somewhat (3 G). 

Terminal abdominal segmerUs —sesiments 8, 9, and 10. 

T see crenulations. 

Truncate —cut off aquardy at tip (3 F], 

Tubercle — a rounded knob-Hke projection of the head or body surface (2 L). 



ODONATA-ZYGOPTERA PLATE 6. 


NYMPHS 



AGPlONlDAE E. AGRIONIDAC COENAGRIONIDAC 


Explanation of Plate 6 


I 


ZYCOPTERA 


Caenatrianidae* dorsal view* 

Ltsiidai^ lateral view of cephalic end. 
Coenagriemdaet lateral view. 


4griimidaet men turn and lateral lobes. 
*Agrionidae, dorsal view of head. 
Co^nagri^idae, mentum and lateral lobes. 
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Rbfbsences to the Literature Available foe Identification of ^eobs (mp 
THE AnisOPTEROUS DRAGONFLIES OF THE UNmO) STATES AMD CANADA 

Pbtalurume 

TachopUryx .Sely^-Williamson (1901); Needham (1929). 

Gomphidab 

Progomphus S^ys.Byers (1939). Excellent study of the genus. 

Hagenius Selys. A single species, H. brevistylus Sel}^. 

OpkiQiompkus Sdys.KennMy 0^17) and Walker (1933). Excellent. 

Oetohompkus Selys.A single species, Q, specuiti^ Hagen. 

Gtmphoides Selys.There are but two si^es at present listed under this genus: G. 

wiUiamsoni Gloyd with the elongate tenth abdominal segment; and 
G, sUftjnuUa Say with the tenth segment normal and Imown only 
from Texas. 

Erpelogomphus Selys. .. . There are four sp^es in our area of which £. desifptatus been 

described from raised material by Hagen (1885) and E. composUus 
by supposition, see Hagen (1885). 

Dromagomphus Selys.,., Three known species. Only one, D. spinosus Selys has been 

described. See Garman (1927) or Byers (1930). 

iMnthus Needham,.. Two known species. One, t, parvulus Selys, described from sup¬ 
position by Needham (1901). 

Comphus Leach.This is the largest genus in our fauna, and many of the nymphs are 

as yet unknown. Several regional publications are of considerable 
value, but the collector must at all times remember that many of 
the species are unknown in the nymphal sti^. N^phs of this 
genus should be checked by some authority. The following papers 
may be consulted: Needham and Hwwood (1929) general; Kenne^ 
(1917) western forms; Byers (1930) southeast; (jarman (192^) 
Now England; and Walker (191^) for the subgenus Stylurus. 

Abshnidae 

Gomphasechna Selys.. . . Two species in our fauna. The generic characters of the genus are 

briefly indicated by Martin (1940). 

Basiaeschna S^ys . .. A single specie^—B. Jaiiafa Say. 

Boyeria McLachlan.Two species. Garman (1927)* and Walker (1918 and 1915). 

Anax Leach.Byers (1927) and Calv«Bt (1984). 

Ofdonaeschna Selys.A single species, 0. armak^ Hageft. Nymph unlmown. 

Corypkaeschna Williamson. Two species in our fauna. Kennedy (1919) described the nymph of 

C ingms Rambtff. C. idren^ Rembur is unknown in the nymphal 
stage. 

Nasia^schma Selys. A single species, W. penfkacantha Rambur. 

Epiaeschfui Hagen.A single species, £, k&M Fabrioiuft. 

Aeshna Illiger.Composed oi 18 species of winch nymphs have been described for 16. 

See Walker (1912, 19U, 1921, 1934, and 1941) and Kennedy 
(1917). 

Gynacaniha Rambur.Probably but a aitiglejtoecies in our fauna, G, Rambur* Which 

is illustrated W Williams (11^7). G* lAfida Rambur has been 
recorded from Florida but according to Byers (1930) an eaamirta- 
tion qi material and reporU leads to ^ bew that all sudi rec¬ 
ords were based on imudentiflcation of (r. esrwia. 

Trwanthagyna Selys.. ., A single species in our fauna, T: tnfida (RmihvLg), Nymph unknown* 

but probably generaicahy rimilar to OynscHiffo. 

Comin^BQASTSm^AB 

Cprdidegaskr Leach. Eight species have been feebrded from our fauna* Needham and 

Heywood (1929) give a key to the nyombs of six of thaw. Ken¬ 
nedy (1917) gives exorilent des(tf:btiD^andl&istmtiom 
far Western species, Byens <1989) describes the fom. 
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Libbixuudab 

Maeromiinae 

Macramia Rambur.Nine «pecie8» knovm Crom our fauna. The nymphs of four are 

kziown* Neodham and Heywood (ICK^); Kennedy (1917} excellent 
illustrations; and Walker (1937) excellent illustraraons. 

Didym0p5 Sdys.Two species. £). transversa “Say wdl described by Byers (1930) and 

Gamaan (1927. P. flaridmm Davis nymph m^own. 

CordmUnae 

PlatycorduHa Williamson.. A sing:te species^ P. xanlhasoma Willianisan. 

l^eurocofduHa S^ys.See Byers (1937). 

Epic 0 rd%dia> Selys.Two species. Needham and Heywood (1929). 

Tetratoncuria .The number of species in this genus is open to question. Very little 

dependence can be placed on nymphai determinations other than 
Needham and Heywood (1929); Garman (1927); Byers 

HehcorditUa Needham .. ,. Two wecies. Needham (1901) Needham and Heywood (1929) and 

Kennedy G924). 

SomoUnMora Selys.A large genus*, Walker (1925) wrote an excellent monomph on the 

genus bringing all information up to that date, ^veral new 
species and a mjw nymphs have be^ described since. 

CorduUa Leach.... A single species, C. shurtleffi Scudder. 

DorocorduUa Needham- Two species. See Garman (1927). 

WiUiamsonia Davis.Two species. The nymphs of both unknown. 

UheUtdinae 

Nannotksnm Brauer.A single species, N, beUa Uhler. 

Periikemis Hagen.Two species in our fauna; P, Unera Say U. S., described W Garman 

(1927) as P, demilia\ end P, stTninole Calvert from Florida, see 
Byers (1930). 

Cdithemis Hagen.Eight species. The nymphs are but poorly known. See Needham 

and Heywood (1929), Garman (1927), and Byeta (1930). 

Psettdeleon Kirby.A single species. P, superbus Hagen. See Needham (1937). 

Erythrodipla^ Brauer. Needham (1929) and Boiror {1M2). 

Orthemis Hagen. A single species in our fauna, O. ferruginea Pabr. 

Ladona Needham.Needham and Heywood (1929), Garman (1927), and Byers (1930). 

Ubellula Linnaeus.A large genus, Byers (1927a) gives very good keys to the known 

Consult also Needham and Heywood (1929) and Garman 

PkUhemis Hagen.Two species. Only the nymph of P. lydia Drury is known. See 

Needham (1901). 

Cannacria Kirby.A single species in our fauna, C. gravida Calvert, Wdl illustrated 

by^cre (1936). 

Symp^um Newman.A km rather difficult genus. Consult Walker (1917) and Needham 

and Keywood (1929). 

LeumrhMa Bxtti^er..... See Walker <1916,1940) and Needham and Heywood (1929). 

Pachydipiax Brauer.A sin^e spades, P, hmgiipennis Bisrmeister. 

Btylkapiis Hagen («« AfarefJkmis)' Two species. Odiy nymph <4 E, simpUciaMs Say known. 

Lspikemis Hagen.. A single neotropical species which barely enters our southern border, 

X*, peeicidosa j^bricius. 

Dytkmms Hagen,.:.:.See Needham and HeyW^ (1929) and Byers (1930), 

Brechdwrfia^ Ktrbyi.See Needham and Fkher (1986). A single Sonoran species in our 

southwestern bender, B, nmdax Hagen. 

PmtAkmk Katsch.A sing^ species along the southwestern border of our area, P. 

Karseb.; 

Paisiala Hagen.. .Two species, Needham and Heywood (1929), Garman (1927) and 

Ketmedy <1923). 

Brauer.A single spedes in bur fauna, if. kaU^ata Hagen. 

Tfm9d Hagen*.A very dfl&etM gehus A>f nymphai determination. Best 

disoiwsion by Byers (IfgTb). 
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THE FRESH-WATER NAIADES OF AUGLAIZE COUNTY, OHIO 


CLARENCE F. CLARK, 

Ohio Division of Conservation and Natural Resources, 

St. Marys, Ohio 

This paper deals with 30 collections of mussels taken at 24 stations (Fig. 1) in 
the drainage s3rstems of Auglaize County during the past four 37ears, 1938-^. 
The materials are of interest because; (1) no other nai^ records have been pub¬ 
lished for this area; (2) rapid changes in stream ecology necessarily alter the 
mussel fauna; and (3) the proximity of headwater streams of the Ohio and Lake 
Erie drainages produce interesting distribution i»ttems for comparison. In the 
general vicinity, Goodrich (1914) reported on naiades from the Wabash River in 
Mercer County; Clark and Wilson (1912) surveired the Maumee and Auglaize 
Rivers of Defiance County; Kirsch (1894) investigated the Maumee Basin; Ortmann 
(1919) reported on mussels from the St. Mar)^ River, Beaver Creek, and L^e 
St. Marys in Mercer County, the Maumee River in Defiance County, the Scioto 
River in Hardin County, and Indian Lake in Logan County. These collections have 
been made in counties to the west, north and east of the r^on considered at 
present. Records of Sterki (1907) and those from the Carnegie Museum of Pitts¬ 
burgh list specimens from the Great Miami drainage to the south. This p^)6r 
presents date on the origin of the ijaiades of Auglaize County, the species involved, 
their distribution and ecology, together with a brief discussion on the future of 
naiades in the county. 

Acknowledgements are due Dr. Henry van der Schalie for assistance in the 
identification of the specimens used in this study and in the preparation of this 
paper, and Dr, Stanley Truman Brooks who furnished me with western Ohio 
records from the Carnegie Museum of PittA>uigh. 

PHYSIOGRAPHY OF AUGLAIZE COUNTY 

Auglaize County occupies an area of 398 square miles on the top of the water¬ 
shed between the Ohio and Lake Erie drains^es in west central Ohio. During 
glacial times, the region was buried tmder the ice. Numerous halts characterized 
the retreat of the glacier and during these periods large beds of drift were deposited 
at the ice margin (Hobbs 1921: 311). Such d^>Mits lend a sag and swell aspect 
to the county characterized by its broad moraine and interlying, rather level, 
plains. Because of the position of these moraines, the present drainage is in three 
directions: southward through tributaries of the Great Miami and &ioto Rivers 
in the eastern and southern parts of the county, northward through the Auglaize 
River in the center, and westward through the St. Marys River in the western part. 

According to Winchell (1894: 406), “The soil of the county is essentially clay. 
Various local circumstances have caused accidental qualities to modify it." He 
also indicates that the St. Johns and Wabash moraines are characterized by a 
gravell)^ clay soil ^ile that of the St. Marj^ is “simply a broad undulation, or 
thickening of this drift," and is composed of coarse heavy clay. Leverett (1902: 
622 and 661) indicates that the plains between the ridges have a deep black soil 
which Dachnowski (1912: 104) describes as “retentive clay" with deep humus 
coverini^ the clay. 

O^nally, the county was chiefly forested with the exception of a few wet 
prairies in we extreme eastern* and western parts. The northwestern townships 
were on the border of the Black Swamp area and thus'characterized by wet lowland 
forests. Today, the major portion of the county is udder cultivation. . 

I«7 




Fig. 1. Stations of collections made in At^laize County 
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SOURCES OF AUGLAIZE COUNTY NATAD FAUNA 

Walker (1913: 58) states: “ . . . the ori^nal pre-glacial fauna of the present 
St, Lawrence system was absolutely exterminated during the glacial period, and 
. ., the peculiar fauna now characteristic of Lake Erie is the result of a modffication 
from environmental causes of the postglacial immigrants from the south, and not 
the result of any survival in that region of any part of the pre-glacial fauna.'* 

Ortmann (1924: 101-117) reviews the theories on the stocking of Lake Erie with 
naiades and advances his own explanation. His theory postulates a Maumee 
River which flowed westward through the dry bed of what is now Lake Erie, and 
connected with the Wabash River. Later, with the closing of the Trent and 
Nipissing outlet stages, the waters flowed into the Lake Erie basin, ‘‘drowning the 
lower parts of the Maumee River and its tributaries, which then became tribu¬ 
taries to Lake Erie." Carrying these postulates farther, van der Schalie (1933:11) 
states that the fauna in the flooded basin either died out or became modified to 
produce those forms which are recognized as lake forms of the earlier river t 3 rpes. 
Thus, we may say that the St. Mar5rs and Auglaize Rivers received their original 
faunas as migrants up the Greater Maumee of Ortmann and into these tributary 
streams. 

"The Wabash and Erie Canal/* according to Clark and Wilson (1912: 7), 
"became a channel of communication which during its half century of existence 
must have resulted in the exchange of many species of mussels." The Miami and 
Erie Canal must have acted in a similar way for mussel migration from the Auglaize 
River through the canal into Lake St. Marys and into the Wabash River. Good¬ 
rich (1914: 132) states: "There is excellent reason for believing that the Unione 
fauna of the Maumee has received additions, by means of this canal [Wabash and 
Erie], since the days when the upper part of what is now the Maumee water course 
served as a southward flowing outlet for the glacial Lake Maumee.*’ 

Clark and Wilson (1912: 4-5) elaborate on this confluence; "Even at present 
day the headwaters of the Little Wabash Rivenapproach within three miles of the 
St. Marys and still nearer to small affluents of that stream. . . . There is no per¬ 
ceptible divide between the two basins, and a large open country ditch still unites 
them through an old flat lake plain known locally as the ‘prairie.* A careful 
examination of this ditch revealed no mussels at all, and it is not likely they could 
live in the mucky bottom, though it is possible that glochidia might be carried 
through the stream by migrating fishes.*’ Finally Ortman (1924: 114-115) states, 
"There is, indeed, the possibility, that in other rivers in the state of Ohio some 
faunal elements of the upper Ohio drainage may have reached the lake-tributaries 
by stream-piracy in the region of the headwaters." 

According to Goodrich (1914: 131-132) flood waters from the St. Marys River 
spread across "the prairies^* mentioned above by Clark and Wilson, Connecting 
the Wabash and St. Ma^s River systems during the great flood of March-April, 
1913. He also states: "The Naiades of the Maumee and the upper parts of the 
Wabash now very nearly approximate one another, counting the recent additions 
for which the Wabash and Erie canal may be thanked." 

The Ohio tributaries in Auglaize County have continuously been open to 
migrations of naiades from the Ohio and Mississippi Rivers. 

DRAINAGE SYSTEMS OF AUGLAIZE COUNTY 

1. Auglaize River: The Auglaize RiVfer is the largest drainage system in the 
county. Its upper portion in Auglaize County is now dredged and has a fine sand 
bottom, with only a few inches of water. The remainder is a series of pools and 
riffles with gravd and rubble bottom, and bordefed with water willow {Dianikera 
<immc(ma) and lizard's tail (5aMriirf«r cermt/m). The stream is characterized by 
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broad shallow pools of less than 6 feet of water and a gradient of about 4 feet 
per mile throughout the county. 

2. St. Marys River: The St Marys River above the city of St. Marys is com¬ 
posed of a group of small, clear and shallow tributaries with sand and silt bottoms, 
and a gradient from 8 to 10 feet per mile. The river below the city is a compar¬ 
atively shallow sluggish stream, with gravel and deep silt substrata, and less than 
3 feet fall per mile 

3. Muchinippi Creek: This creek is a tributary of Wolf Creek belonging to the 
Great Miami River system. It arises in the prairies of eastern Auglaize County 
and flows southward. The upper portion, because of dredging, is a straight, mud- 
bottom ditch Near the Shelby County line, it takes on the appearance of a creek 
with relatively clear pools and sand and gravel riffles. 

4. Wolf Creek: Only a short stretch of this creek, now dredged and ditch-like, 
has a sand bottom and a permenent flow of water. It is very shallow and narrow 
in this county. 

5. Lake St. Marys: This is an artificial body of water formed by impounding 
tributaries of the St. Marys and Wabash Rivers and flooding the prairie divide. 
It occupies an area of 15,700 acres with less than 10 feet of turbid water over a 
bottom composed chiefly of blue-gray silt containing some sand and gravel. The 
sc^uth shore is made irregular by the dense mass of emergent vegetation, chiefly 
(^attails (Typha angusiifolia and latifolia). The north shore is more regular with 
little vegetation and much more affected by heavy wave action. 

(). Miami-Erie Canal: The water levels in the canal are maintained by a scries 
of dams and abandoned locks. A series of wide-waters of which 40 Acre Pond is 
the largest are included in this area. In general, the canal depth is less than 6 feet 
with the exception of a two mile stretch below New Bremen where dredging has 
produced 8 feet of water, A deep silt bottom characterizes the canal proper, but 
sandy-clay shore lines occur along the wide-waters. 

7. Lake Loramie: The tipper part of the Minster Branch of Lake Loramic is 
in Auglaize County, but is not discussed becaust^ no naiades were taken there. 

ANNOTATED LIST OF SPEJCIES 
Quadnila quadrula (RafincRque) 

This species, is found in both the I/ake Erie and Ohio drainages according to Sterki (1907: 
390). It w^s taken in the Maumee River in Defiance County by Clark and Wilson (1912: 41). 
Ortmann (1919: 42), speaking of this species, remarks; “In western Ohio it is widely distributed. 
Here it crosses over into the Lake Erie-drainage (Ohio Canal, Storki) and into the lake (Sterki 
and Walker, 1913).'' It is locally common and found partly buried in the sand of wave swept 
areas of Lake St. Marys, It is probably the most abundant naiad inhabiting the lake. One 
specimen was taken in the canal at station 24. 

Amblema costata (Rafinesque) 

Sterki (1907: 390) lists this mussel as generally common in both the Ohio and Lake Erie 
drainages. Clark and Wilson (1912: 42) state that it is the second most abundant species of 
mussel in the Maumee Basin and quite abundant in the Auglaize River in Defiance County. 
Ortmann (1919: 30) reports it from the St, Marys River in Mercer County. In Auglaize County, 
I have found this naiad in only the Auglaize River, where it ranks as one of the most abundant 
species. Due to dredging in the upper reaches of the river, large beds of this species have been 
destroyed and its present distribution is chiefly confined to that portion of the stream below 
Wapakoneta. Specimens were secured at stations 8, 9, H, 12, 13, 14 and 18, and were especially 
common at 13, 14 and 18. In general, this species was found in the more quiet pool-like areas 
with two to four feet of turbid water over a sandy-*ilt bottom. 
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EUiptio dllatatus (Rafinesque) 

Sterki (1907; 392) records this naiad as found throughout the state. Clark and Wilson 
(1912: 14) report it fairly common in the Maumee and common in the Auglaiaie River. I have 
only a single specimen taken at station 11 in the Auglaize River. 

Fusconala flava (Rahnesque) 

Both Sterki (1907; 392) and Clark and Wilson (1912: 39) list this species as a widely dis¬ 
tributed naiad. Clark and Wilson state; “It is fairly common all along the Maumee and its 
tributaries.'* This species is represented in the St Marys, Auglaize and Great Miami drainages 
(stations 10, 13, 14, 18, and 20), although nowhere found in abundance Ortmann (1919: 30) 
reports it from the St. Marys River in Mercer County. This naiad is usually found in shallow 
water over firm siind with either winding trails or only the exposed siphons of the buried mollusk 
to indicate its presence 


Pleurobema cor datum coccinetun (Conrad) 

A state-wide distribution of this species is claimed for it by Sterki (1907: 392). However, 
Clark and Wilson (1912: 39) took only 31 specimens in the Maumee drainage. I found it at 
only two stations, 18 and 12, in Auglaize County. At the latter station, a dozen specimens were 
taken from the fine gravel bottom covered by less than 18 inches of water 

Anodonto grandis Say 

Sterki (1907 394) lists this species as state wide tn distribution, but Clark and Wilson 
(1912; 46) found only occasional spet'imetis in the nvers which they investigated Ten spet'imens 
were taken by them from the Auglaize River in Defiance County Otmaiin (1919: 144) report.s 
specimens collected by Gcwdnch from the St. Marys in Mercer County. I found A. grandts 
to be the most abundant naiad in Auglaize County It was taken at stations 3, 4, 7, 8, 10, 11, 
12, 14, 15, 18, 19, 22, 23 and 24, 

This species abounds in sluggish f>ools with detf) soft silt bottoms. The thinner shelled 
specimens are often found resting on top of the mud while heavier shelled forms may be buned 
in the riffles. 

A great deal of variation in this species is noted by Sterki (1907: 394) and van der Schalic 
(1938; 51), The latter states, “We do not have sufficient ecological and life-history data to 
enable us to solve the systematic difficulties which arise from this gn>up. For instance, specimens 
oc'curring m lakes tend to be more inflated anteriorly and m the region of the beaks and usually 
have a finer beak sculpture than those found in rivers. But there are all kinds of inter- 
grades. ..." 

Anodonta imbecUlis Say 

This interesting species was recorded by Sterki (1907: 395) as, “Over the state, common, 
in all kinds of waters.'* Clark and Wilson (1912: 47) found one specimen in the St Marys River 
at Ft. Wayne and 38 in the canal at Maumee, Ohio. Ortmann (1919: 164) reports specimens 
taken by Goodrich in the Miami-Erie Canal in Lucas County, Ohio. This mussel was taken 
at stations 23, 24, and 10. Its abundance in the dredged channels of Lake St. Marys is indicated 
by the numerous specimens taken while deepening the channel. The habitats from which my 
specimens were taken.seem to indicate that it prefers soft sand or silt bottom conditions in quiet 
water areas. 

LABmigona eompnaw (Lea) 

Sterki (1907: 393) attributes to it a state wide distribution, but Clark and Wilson (1912: 46) 
found only one specimen in their Maumee River work. During this study, one specimen was 
taken in the Auglaize River at station 11 and five specimens in Wolf Creek at station 20. 

Laamigona cotUta (Rafinesque) 

A state wide distribution for this species is given by Sterki (1907: 393). It was found to 
be a common species in both the Maumee and AOglaize Rivers by Clark and Wilson (1912: 45-46). 



172 


CLARENCE F. CLARK 


Vol. XLIV 


Goodrich abo collected it iii the Maumee lUver In Dsfiimce County and in the St. Marya in 
Mercer County (Ortmann 1019:128). It was found in Auglaiae County at stationB 8» lO. 12,13, 
14 and 18 in the Auglaize River proper. 

Ortno^aim (1019: 90) states: is fotind in large rivers as well as in small eredcs, although 

it is distinctly more abundant in the latter. There is hardly any small stream from which it is 
entirely absent. ..." As suggested by van der Schalb (10^: 54), I found this statement 
only partly true. This naiad is distributed throughout the lower Auglaize River in this County, 
but it does not occur in the upper part or m the larger tributaries. 1 found the majority of my 
specimens in shallow, sand and gravel rifiles with noticeable current os did Price (1040: 13) in 
FrankUn County, Ohio. 

Anodontoides feruatadantts (Lea) 

A widespread distribution over the state is claimed for this species by Sterki (1907: 394). 
However, Clark and Wilson (1912: 46) found no specimens in the Maumee drainage of Ohio. 
I find this naiad to be widespread over the coimty in practically all water areas, stations 4, 6, 6, 
7, 8, 11, 12, 13, 14, 15, 18, 19. 20, 22, and 23. It is especially common at stations 7 and 20, both 
in small headwater streams. It ranks next to AnodonUx grandis as the most abundant naiad in 
Auglaize County. This mused was moat abundant in the more quiet stretches of shallow water 
living partly buried in the sandy silt. 

Two top minnows (Fitndulus wxiatus) and one green sunfish (LepomU cyaneUus) collected 
at station 6 in Muddy Creek carried glochidia between the rays of the caudal, dorsal and anal 
fins. Anodontoides ferussacianus was the only species of naiad taken in this creek, and I there¬ 
fore supposed that the glochidia were of this species. 

Strophitus rugosus (Swainson) 

This mussel is recorded as widespread over the state, as common and variable by Sterki 
(1907; 394). But, Clark and Wilson (1912: 47) state that it: " . . .is not common in the 
Maumee Basin . . . none were seen in the Auglaize River." Goodrich collected it in the 
St. Marys River in Mercer CouUty (see Ortmann, 1919: 203). It was not found to be common 
at any location in this county but was taken at stations 7, 11, 12, 13, 17, and 18. This naiad 
is found most commonly in creeks and small streams with sand, silt, or fine gravel bottoms. 

Aksxaidonta calcecdus (Lea) 

A, calceolus is common throughout the state according to Sterki (1907: 393). Clark and 
Wilson (1912) do not mention this species in their report on "The Muss^ Fauna of the Maumee 
River." During this study, it was found in the Great Miami and Auglaize River systems at 
stations 15,16,17,19,21, and 22. It was abundant In Pusheta Creek at station 15, and common 
at stations 19 in Blackhoof and 22 in Muchinippi Creeks. This species was found only In the 
emaller creeks where it was usually buried in the sand and gravel cm the bars and riffies. 

Alasznideitta miifhiaU <Say) 

According to Sterki (1907: 398), It is found over the state in both the Ohio and Lake Brie 
drainages. Ortmann (1919:185) lists it from the Maumee River in Defiance County, but it was 
not mentioned by Cleric and Wilson (1912)% During four years of oollectir^ in Auglaize County, 
1 have taken one specimen. This was cdleoted at station 13 in the Auglaize River, The ecc^ogy 
of this species is given by van der Sohalie (1988:61) ea follows: "In the smidl-river areas of the 
upper part of this drainage (Huron River] it occurs on a sand and grave! bottom in ounent." 

Ptyehohranehiiz lazcletm (Rafinesque) 

This species occurs in both drainages in Ohio acoarding to Sterki (1907:399), hut was not 
abundant anywhere in the Maumee According to C^ock and WHsm (1919: 48)^ Goodridi 
also collected it in the Maumee River in Defiance County 1919; 311)« lltave only 

two spechnens from Aughdee County, both fxom the River and taken approasmately 

one txdle apart. Henry van der Sehalle <1986: 9i) states H, " . . .is usually fimod buried 
desp |u an unShiftihg sand and gravel bott43m in nqiMs aud seems to rimw definite avstehm 
totnod pemded or baokwsAcr condirioas.*' 
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HicraiiFm ids (Lea) 

Sterid (1007: 380) lists this species as occurring in both drainas^es and Clark and Wilson 
(10il2: 51) datm it does not appear to be common in the Maumee Basin but is probably more 
common than collections would indicate. Only five specimens were taken in the county, one at 
station 12 and four at station 18, all in the Auglake River proper. In every instance specimens 
were taken in sand dqxwita on the downstream skte of large patches of water willow in shallow 
water. 

CarwiCTilina psrva (Barnes) 

According to Sterki (1207:389} this rnoQusk is found, , over the state (both drainages, 
Iiake Brie); nvears, creeks, and canals/* My records show this species as common at station 4 
in Hussey's Creek, but rare at statsons 3, 7,15 and IB. This mussd has been collected frequently 
in Lake St. Moiys in Mercer Coimty, but as yet I have found none in the Auglake County end 
of the lake. All collections were taken from fine sand silt and clay in shallow waters. 

Lampsllis fasdola Rafinesque 

Sterki (1907: 388} gave as its distribution, ''both drainages, over the state." Clark and 
Wilson (1912: 54) state: "This very attracdve little mussel was not common in the Maumee 
Basin. ..." Goodrich collected it in the Maumee River in Defiance County (Ortmann, 
1919: 311). My one specimen from this county was found at station 13 in the Auglaize River. 
Ortmann (1919: 311) describes its habitat as follows: "In Pennsylvania it distinctly prefers 
riffies with lively currents and gravelly bottoms, but it is not foimd in very strong cxurcnts and 
among large rocks." 

Lampaihs ailiquoidea (Barnes) 

The distribution as given by Sterki (1907: 388) is "Over the state, common and variable; 
common in Lake Erie and decidedly variable. ..." Clark and Wilson (1912: 52-53) indicate 
its widespread distribution in the Maumee Basin, and Goodrich (Ortmann, 1919: 280) collected 
it in the St. Marys River In Mercer County. It was taken at stations 7, 8,10,12, 13, 14, 16,18, 
20, and 21 in the Great Miami, Atxglaize and St. Marys i^er drainages. It is locally very abund¬ 
ant and would probably rate as third in abundance in the county. 

Like Ortmann (1919; 288), I found it prefers rather quiet water and sandy-mud bottom 
conditions. Much variation in specimens is noted. Ortmann (1919; 291), concerning the 
subspecies rosacea, remarks; "I have the impression lhat rosacea is not so much a geographical, 
as an ecological race, produced by the environment of great lakes, and that it turns up wherever 
the proper conditions are offered." Variation in this speci|^ is shown in relation to exposure by 
Brown, Clark and GleUsncr (1988, Pig. S). The same authors state (1938: 899), "The differences 
found between individuals of the same species from streams and lakes does not seem so singular 
when series from a large number of habitats within lakes and streams are compared. Such a 
series certainly shows complete inteigradation for the shell diaracters of size and shape. A 
suitable stream habitat favors the large sizes at^ the exposed large lake habitat, the extreme 
cases of stunting/' 

tampallts ovata veotiiooia (Bamea) 

Steriri (1907: 388) states that venirieim occurs over the state, is very variable, and is also 
dommon in Lake Bri^ He states further that X. amid occurs in the Ohio and Greater Miami 
Rivets. Claikand Wilson (1912e 54) state that X.sealr4posii, in some localities, runs into a species 
which m its form is known as L. smhw but, "in the Maumee Basin it is well marked and fairly 
unifonn*'^ ^Ortmann (1M2: 30«M05) lists northwestcra Ohio specimens as L. opata vefUricosa 
and gives tha spaqific reocxds: the Maumee River in Lucas and Defiance Counties; 

Beaver Creek In County; and the Scipto River in Hardin County. He (1919: 303) 

states that both X. esairkas# apd X. mai asaHsaia are, "forms d the same spedes connected 
twet locally nuiy be {Mfe." ^eebnene of Au^aise County can 
tipll be pleeed m * ttw^thw tone. TbediffiAihlae In tiie eyetematke of tben 

Ibiflis jm OrtimBtt <1919: S96) aad tfiey :«rill eot be diteuwed here. 'Only five 

e p« Bi 9t < 9» iTeroefl8idted|n Q, 18, ifieafi 19. Tbaieweretalceninpod^ike 
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areas on the downstream side of beds of water willow in deposits of soft sand and silt. These 
data agree with Ortmann's observations (1919; 806). 

Uniomerua tetralaamiis Ortmann 

The variety V, ietralasmus camptodon (Say) is recorded from the Great Miami River by 
Sterki (1907; 390) and was taken in L^e St. Marys in Mercer County. It is locally very abundant 
in the Miami-Erie Canal. Many shdls are cast upon the beaches of Lake St. Marys by the 
wave action but no living specimens have been taken from the lake during my collecting. From 
the shells on the beaches, we may assume it to be fairly common in the lake. 
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Pig. 2. Distribution of species in the water areas Auglaize County. 


FUTURE OF AUGLAIZE COVNTV NAIADES 

Numerous factors combine to limit the abundance of mussels in any body of 
water. The influences of civilization are proving detrimental to the &tuna of this 
county. The most serious limiting factor is that of erosion silt. EOis (1931; 5) 
states, “The outstanding factor producing changes in river conditions at present 
throughout the Mississippi River sratem was found to be erosion silt." Dredging 
in the headwaters of the Auglaize River in 1940 (Clark 1942: 10), “ . . . resulted 
in placing such quantities of silt in suspension as to form the chief sources of pol< 
lution in the river. This silt was deposited apprmimately 4 miles downstream, 
covering the gravel and rubble bottcm to a maximum dc^th of 4 inches.’’ Tte 
filling in of backwater areas and the increa^i^ turbidity of L(dce St. Marys are of 
concern to all who are interested in this lake. EUk (1931: 6-7) indicates that the 
heav^ rilt loads of streams create unstable bottotn conditions, cover mussel beds 
and juvenile mUssels and, “ , . . aSects the mussel survival of botb wung and 
adults through the oxygen supply.” The suitability of the soil of Aughn^ County 














































No, 4 


FRESH-WATER NAIADES 


175 


for tillafei the rezzioval of existing timber, and increasing demands on agriculture 
will without doubt result in more dredging, ditching and tiling, thus increasing the 
silt load of our streams. 

The small size of most of Auglaize County streams implies an irregularity of 
flow which possibly ranks with erosion silt as one of the most limiting factors of a 
large naiad population. The Auglaize and St, Mar 3 rs Rivers, Blackhoof, Pusheta, 
Muddy, Clear, Muchinippi and Wolf Creeks are permanent streams, (note naiad 
distribution in Fig. 2) but the remaining ones become intermittent during the dry 
seasons. All streams of this county were once spring fed and the increasing irreg¬ 
ularity in stream flow indicates the disappearance of these springs. As early as 
1907, Sterki (1907: 368) mentioned this lactor as one of those responsible for the 
disappearance of mollusca. 

The problem of pollution is one of importance in the St. Marys River below 
the city of St. Marys and in the Auglaize River below Wapakoneta. Deposits of 
sludge are common in both causing the elimination of the naiades. 

The changes in the ecological factors of the streams through irrt^larity of 
stream flow, pollution, and increasing silt loads have resulted in increased turbidity, 
decreased amounts of vegetation, changes in the substratum and a corresponding 
change in fish life or hosts for the parasitic stages of naiades. A comparison of 
reports by Clark (1942: 1-171) and Kirsch (1894: 334-337) show that Kirsch 
obtained 14 species of fish not found at present in the upper portion of the St. Marys 
River. This means a loss of 14 potential hosts of the parasitic naiad stages. 

The impounding of streams and the subsequent silting over of mussel beds 
(Ellis 1931: 8) has not become a serious problem in this county. One dam in the 
Auglaize River at Wapakoneta impounds possibly a mile of the stream This 
dam may impede the upstream migration of fish and thereby reduce the number 
of hosts for the parasitic mussel glochidia. 

Sterki (1907: 368) states, '^The canals, which were great routes for mollusca, 
are more and more neglected, and partly abai^oned.*' The Miami-Erie Canal 
with its chain of small ponds is intact throughout Auglaize County, but abandoned 
in Shelby County to the south and Allen County to the north. Portions of the 
canal are held at their original levels by a series of dams and locks, but the deep 
soft mud banks and the limited number of species of fish do not provide attractive 
conditions for a heterogeneous mollusca population. 

The collecting of mussels for pearls or for the button industry has not affected 
the population of this county, I have never seen or heard of a pearl or button 
shell collector in this county and doubt if one will work these streams because the 
naiad population is too sm^l to induce such activities. 

We have a fair muskrat population in this county but as yet I have not found 
one of the "kitchen middens." In the adjacent county, Logan, I have counted as 
many as 195 pairs of shells of Anodonta pandis, Quadrula quadrula^ and Carun- 
cidina parva at one of these feeding sites at Indian Lake. H. van der Schalie 
*(1938: 75), states that, "... the muskrat and mink are most destructive to them 
[naiades] in the river and lakes above Ann Arbor. 

* SUMMARY AND CONCLUSIONS 

L The naiad fauna of Auglaize has been found to consist of 19 species. 

2, A new host is reported for the glochidia of AnodonUndes ferussacianus. 

3, The naiad fauna of Auglaize County is a composite of several potential 
^ toutea Perhaps the most s^nificant is the **Great6r Maumee River" as postulated 

by Ortmaim and the Ohio Canal system. Other possible sources are in the form of 
an exchange of species thro^h later connections of the St. Marys and Wabash 
River by means of dicthes and floodwaters. Furthermore there is a possibility of 
stream piracy among all headwater streams bringing Bkxmi an open route to the 
Ohio River through its tributaries. 
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4. The distribution and abundance of naiades in Auglaise County is deter¬ 
mined in pari by eoolo^cal and habitat conditions. 

5. Dr^tic changes in the ecology of the aqautic conditions in this county have 
without doubt resulted in the r^uction or extermination of some species, an 
increase of others, and perhaps an addition of new inhabitants. 

6. Erosion silt and the increasing irregularity of stream flow are the most 
detrimental factors to our mussel fauna. 

7. Tbose species which are tolerant of the most widely divmified conditions 
are the most abundant in Auglaiae County. 

8. The mud-inhabiting species or those most tolerant of l^hly turbid waters 
are the ones which will probably continue to increase under existing conditions^ 

The mussels of Auglaize County have little economic importance and no 
mussel fishery can be anticipated. 
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PRSLlMHfARY AHHOUHC^MBlfT 

SYMPOSnne on PRSMmCAL EDUCATION 

A. A. A. 8. Cimlnid, Ohio 

Alpha Epsilon Delta, national honoiwy pre-madkal fraternity, ie amoi^ a special pramm 
on Premedkal Education to be held on Ttrariday, September 14th, during m A. A. A, S. meeting 
in Cleveland. The influence of the war «nd the asbelasted feaitdng prn^aia upon poetwar 
pUns for ptemedica! eoucation will be ainom the iiiajar topics for f^uerion. 

Dr. Vkstor Johnson, Secretary, the Council on MedbAl Bducatioh imd Hospital ef the 
AoM^n Molical Astpetetfrn! Dr. Csrloe RseA profreaor of ^ysfajhny, Diifrei^y of Hlhii^ 
and Dr. H. E. Setfierfiehl, genedfoid adviser, Smuol 6t hferaeiue, Owo State umvecsl^, and 
praddM of Alpha Epsilon Delta,, will beiaooiv the. disthunthdud nNakats. M itthmul round 
table dfreuBsion of prot^ow and tpwtiens from, the audunee wfU fdOoPr'Ine ttlhs. pr»> 
medicia teacAm, tapecisEy these lb ecdtains wft mieiaM teitih «rf uiml he 

attend. It Is hoprf;that ms^ tssefranin ixm<scienes%^ nfll nttiMd awb.^E^ noaomeih- 
ment of the time and |dace wffl appaiw* h) the progtam ol the wnsti^. 



STUDIES IN THE BIOLOGY OP THE LEBCH.‘ VIII. 
Modifications in Neurological Microtechnique 
JOHN A. MILLER, 

Department of Zoology and Entomology, 

Ohio State Univeralty 

During the last two decades of the nineteenth ccntuty there were devised 
severdl basic methods of neurological microtechnique.* These made possible the 
study of the minute structure of the nervous system. Many modiScations of 
these and other techniques have been offered until, at the present, there are prob¬ 
ably more variations in neurologifcal methods than in any other. This multitude 
of divergent procedure is based upon necessity. 

In the study of nervous tissue there are many variable factors which influence 
to a marked degiw the cytologic^ as well as histological results. A few of the 
better known variables are functional condition, structural differentiation, and 
age of the tissue. The taxonomic position of the organism must be considered, 
and in many instances, species variation taken into account. In addition, there 
are many imperfectly Imown factors demanding variations in procedure that can 
be determined only after extensive experimentation. 

The methods designed to assist in the microscopical examination of the nervous 
S 3 rstem can be divid^ into two fundamental groups: the one spoken of as cyto- 
logical, and the other as histological or anatomicsd. The former refers to those 
techniques which, by virtue of minute qualitative differentiating properties, make 
possible a study of the intimate structure of nerve cells, processes, and their sup¬ 
porting tissues. The latter, histological or anatomical, applies more particularly to 
the minute structure and composition of nervous tissue. In general this latter 
type of study is concerned with the architectural arrangement ctf nerve cells, their 
processes, and their connections with one another. 

The interest in chordates, and more particularly in man, has inspired exhaustive 
research for adequate neurological methods applicable to this group. To a large 
extent the methods presented for the study in invertebrate nervous systems have 
been borrowed, and modified from vertebrate procedures. Exceptions to this were 
the contributions to invertebrate neurological microtechnique made by some of 
the early invesf^ators, and Hieit Students. 

Retzius, Cajal, and deCastro, Smallwood, Regers, Ascoli, Sanchez, to mention 
only a few, have each presented numerous modifications in neurological methods. 
Bach has contributed to the growing list of variable procedures employed in the 
dmonstration of nerve elements. Each has presents techniques «q)plicable to 
the particular fidd of investigation in which he worked. With all due respect to 
these and otiier technicians, problems in inv»tebrate neurological researdh have 
raiudned tuumswered*fer want of adequate cytological and histological methods. 

THE PROBLEM 

The b^vior of an animal is the result of stimuli acting upon a particular 
ar ra n gement of anatomical structure under the physblogical conditiems existing 
at the time ^ atinudation. The determinetkm of the histidogical character of the 
tissue iitvcdvsd is a neoessaxy prerequisite to an analysis of the causal factors in 

are tuvkmd in Lea. Meplnag and othen. 

m 
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behavior. The leech, Haemopis marmorafis, (Say) has been used for some time by 
the writer in studying various aspiects of annelid behavior. With the exception of 
the description of the subepidermal nerve plexus (1933) the authors’ reaction 
studies have, for the most part, been of an analHical nature. Certiun conclusions 
derived from the study of behavior, have, by inference, implied the general pattern 
of the nervous system. The limited knowledge of the nervous ^tem of this form 
js to a large extent due to inadequate cjdxilogical and histological methods. The 
writer employing certain well founded principles of neurolc^cal procedure presents 
the following new methods and modifications. 

NEUROLOGICAL METHODS 

The methods used and the results obtained, as set forth in this paper, pertain 
specifically to the aforementioned animal. These procedures have not been tried 
on any other form. To what extent these methods may be applicable to other 
animals is a matter for further investigation. The discussion which follows should 
be considered with these points in mind. 

RELAXING, KILLING, AND FIXING 

These three steps in the preparation of the animal, and more particularly, the 
tissue to be studied, were considered as one operation. But inasmuch as variations 
were employed in each of the above, they will be presented separately. These 
were important details, for in many cases the success of the staining process was 
dependent upon these as well as subsequent treatments. The appearance of the 
tissue may be entirely altered by deviations from the prescribed methods. 

Relaxing was the first step in the preparation of the leech for subsequent study. 
The three methods which were used are stated below. Each was employed in 
accordance with the killing and fixing procedure discussed later in this paper. 

RELAXING METHODS 

Method /. The leech was placed in a shallow glass dish containing a 0.1% to 
0.2% solution of chloretone, to which had been added a pinch of pioteolitic cnzjmie. 
(Caroid was found satisfactory). This latter, while not absolutely necesstuy, 
materially aided in disposing of the copious mucous secreted by the organism. 
After five minutes in the cMoretone solution there was added, drop Iw drop, a 
saturated solution of the same, until the leech was completely relaxed. IMssectioD 
followed, or if the animal was to be imbedded in toto, it was straightened to normal 
size in a wax bottom dissecting pan, where it was held in position by pins. The 
first application of the killing and fixing agent was applied at this time. 

Method II. Ether was an equally satisfactory relaxing agent. The leech was 
placed in a covered dish, into which was previously intr^uced a wad of cotton 
saturated with ether. In due time the animal was completely relaxed, and treated 
as stated in No. I. 

Method III. This method differed from Method I or II, only in the anestiietic 
employed. In this method, alcohol was used in place of chloretone. Animals 
were prepared in this way when an alcoholic fixing medium was employed. 

KILLING AND FIXING METHODS 

Killing and Fixing procedure will be considered under one heading. While 
killing is usually referred to as the act of stopping all life processes and fixing a 
method preserying the normal cdl structure, the two st^ ifhould be acccan- 
plished simultaneously. Usually a angle medium is employed, for this purpose. 
If the nervous system is dissectra prior to fiiud fixation, g^t care should be exer¬ 
cised in the manipulation of the tissue. The same care shmald be taken if di»ec- 
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tion is made following killing and fixing. As will be noted later in this paper, the 
staining methods employed and the results obtained are dependent to a large 
extent on this step. 

Method L A solution of 10% formalin was used to kill and fix either the dis¬ 
sected tissue, or the entire ozganism. The usual time of fixation was 24 hours. If 
no secondary fixing agent was employed following formalin fixation, washing in 
tap water for 5 minutes followed by several changes in distilled water was sufficient. 
If a secondary fixing solution was employed, the material was washed 5 hours or 
more in running water. 

Method II. Bodian’s No, 2 fixation was used with good results following either 
chloretone or alcohol relaxation. Bodian's was made by using 90 cc. of 90 per cent 
alcohol, plus 4 cc. commercial formalin plus t5 cc. acetic acid. The fixing period 
was 4 days. 

Method IlL Zenker’s fixative was employed in the Masson technique. The 
material remained in the Zenker’s solution for 10 hours; then washed an equal 
length of time in running water. 

Method IV. Helly*s fluid, a modification of Zenker’s, in which the acetic acid 
in the latter was replaced by 5 per cent formalin, and used with Mallory’s phos- 
photungstic acid in combination with hemotoxylin. 

DEHYDRATION, CLEARING, INFILTRATION AND EMBEDDING 

Dehydration was accomplished with the aid of alcohol alone, or in combination 
with dioxane. In order to expedite these standardized procedures, the leech was 
cut into three equal lengths. When the central nervous system had previously 
been dissected such portions were carried intact through these steps. The above 
processes may, depending on the procedure followed, precede or follow the basic 
staining technique. 


DEHYDRATION METHODS (PARAFflN METHOD) 

Method I. The gradual removal of water was facilitated by alcohol, proceeding 
in the usual routine of passing the material through ascending grades. From 100 
per cent alcohol the material was passed into a mixture of equal parts of 100 per 
cent alcohol and zylol. This procedure was employed on mounted sections of 
small pieces, after the use of an aqueous stain. For mounted sections the time in 
each of the lower grades of alcohol was 3 minutes; for 100 per cent alcohol and for 
half alcohol and half xylene the time was 5 minutes each, except where otherwise 
noted. 

Method //. This was one of several procedures followed for dehydration prior 
to paraffin embedding. The properly killed and fixed specimen, or selected portion, 
was placed in 70 per cent alcohol for 3 hours. The tissue was then placed for 
2 hours each in 83-^90-95 per cent alcohol, respectively.. 

^ Method III. A third method used to prepare material for paraffin infiltration 
was'as follows: The specimen, or part thereof, was plac^ in 70 per cent alcohol 
for 3 hours. Two chaq^ were made in this grade. The tissue was then transferred 
to 100 per cent dioacane for 3 hours. 

• 

dehydration MBTH<H} (celloidin) 

liuhod IV. In the dehydration of majteriai iac ceUoidin embedding, it was 
’"necessary to insure absolute removal of all water. The following procedure proved 
to be ad^uate for parts of the nervous system, or sections of tiie animal. Begin¬ 
ning with w p^ cent alcohol, the material was carried ibrough 50-70-80-^-100 
per eeat for a mmitnum of 2 hours each. Two changes of 2 hours each in at>aolute 
alcohol-«tber completed this step. 
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OJSAKING MBTBOPS 

Clearing is the process of lemoviiv the dhx^l from th6 section or qxcimen 
and the substitution of a fluid misctble mth paraffin. In this stejp the tissue 
becomes translucent. Variations in method and material used in tlw st^ were 
dependent upon the nature of the tissue, and their place in the operation as a whole. 

In preparing a specimen for infiltration and embeddhtg in paraffin, the first 
two methods given below were satisfactory. It is m^ oheervation that for H. 
marmorotis, method II gives less hardenh^t with a minmum of shrinkage. 

Method I. Immediately foQowing d^ydcation, the ^pedmen was placed in a 
mixture of one-half butyl alcohol and one-half soft (48°) parafl^. Ilie qiecimen 
remained in this mixture over night in a closed dish in an oven of 58* C. At the 
end of 12 to 14 hours, the specimen was ready for further infiltration. Ihis method 
was emploj^ed after ddiydration method III. 

Method II. Dehydration by method II was followed by placing the spedpien 
in a mixture of one-half chloroform and one-half scdt paraffo. In this medium, 
the specimen was allowed to remain over night in a closed dish at room temper¬ 
ature. Further infiltration foUowed the procedure outltned bdiow- 

Method III. In the clearing of mounted sections following dehydration carbol 
xylene or xylene was used. The usual procedure <rf employing at lewt two changes 
of xylene was followed. 

Method IV. Sections previously embedded in celloidin were cleared in cedar 
wood oil before mounting. 

INFILTRATION AND EMBEDDING 

Infiltration is the process of replacii^ the dealing agent with the material in 
which the tissue is to be imbedded. It also refers to the gradual impr^nation of 
the tissue by celloidin, in instances where this latter is employed as tm supporting 
medium. This step was accconplished by gradually infiltrating the tissue building 
up to the required density or concentration of the supporting agent. 

ParotSirt Method (Infiltration), Followin|^leaiing methods 1 or II, the material 
was placM in soft paraffin for two hours, was replaced by a mixture of half 
soft and half hard (58*) paraffin and returned to the oven for two hours. The same 
procedure was repeated using hard paraffin. If used paraffin was employed, it was 
followed by an addition change of two hours in fretii paraffin. Hie hard paraffin, 
being the so-called ‘^rubber paraffin,” had a melting pdnf of 56*-58* C. This 
same grade was used in the embedding process. 

Par<0H Method (Embedding). This is a process in which the tissue or s^imen 
is enclose in a hardened blodk of simport^ madhun. Paraffin and cdloidin are 
the conventional sg^ents employed. FoUoiinng the iafittratioo process, embedding 
is the final step prior to sectioning. In this step, as in all otherSt practice and 
repeated trials prove to be the best guide. 

Plaster of Paris boxes were the most satisfactoiy embedding forms used for 
the paraffin method. Plaster of Paris bo^ were soaked in water a few nnnutea 
prior to the introduction oi the paraffin. Hie speomeii was trans^sned ftom the 
infiltrating medium by wam^ foioqis, mieirted, imbeddhtf paraffin added, and a 
lidiel inserted. As soon as a nlm forms over tiie snrffioe oi me paraffin the entire 
{Separation was immersed in ice water, the coi^tactkm of the paraffin freeing the 
block. Many specimens can be so embedded in a short time, uamg not more than 
two plaster of Paris boxes in rotation. 

’ Celloidin Method (ItifiUratton ami Matetiil tb be ittffitrsted and 

embedded in celloidin was d^ydirated acccrffittf to.meffiod IV. 
dration, the tissue was placed in 10 per (xmt oiffitidia lor eight bbmM; then 1^ ,over 
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night in 15 per cent c^oidin. The materud to be mounted wia supported by a 
block of battened celloidm, and oriented within a mould fonned by nxnounding 
the cutting blodc with gammed paper. The cutting blodc mould was then 
filled whh 15 per cent oettoidin; the tissue oriented and tmrdened undo* a bdl jar. 
Chloroform was used to conmlete the hardening. After a few bouts the block was 
placed in thin cedar wood oil, where it netnainra until sectimied. It must be kept 
m mind for the above outlin^ procedure that the blodc of tissue was small. 

The celloidin method of infiltration and mbedding was the most satisfactmy 
procedure where thick sections were desired. Hie celloiditt method is particularly 
suitable for latge tissue masses, but, in «tch instances infiltration and enbedding 
may take days, or evtm weeks. It is essential that the tissue be infiltrated graduaUy 
and hardened slo^dy. Cedar wood oil was used in preference to alcohol during the 
cttttii^ process. Scions were then cleared in thm oedar wood oil until further 
treatm^t. 

STAINING METHODS 

As previously stated, the writer w^ interested principally in behavior studies 
involvii^ the neon^anatomy of the leech. The application of neurologicd methods 
served only as a means toward the proposed obje^ve. With aU of the facilities of 
the Department of Anatomy of the Ohio State University at the writer’s di^iosal, 
the initial project was begun. With the encourag&nent of the teaching staff and 
the able coimsd of the D^uirtment’s technician, many previously descnbed meth>. 
ods were tried, none of which gaYe the desired results. It must not be'inferred 
from this that the following tried and proven technktues failed entirdy. On the 
contrary, thousands of sections proved extremely interestmg. But in none of 
these, using the following basic procedures, wm the desired elements sufficiently 
differentiated. The following are a few of the basic procedures first tried and 
later modified. 

1. Activated protaraol, D. Bodasn.' . 

2. Modified imtargol, O. Bodian. 

3. Ponaol thiooin. 

4. Medtods I, II, Ill, and IV, (S. R. Cajal and deCastrol), Micro. Tech., McClung, 1837. 

8. Iron hematoxylin. 

0. Kopach Colgi method. 

7. N. C. Foot’s modified Bielschowvky. 

0. Ammoniated silver modification of J. W. Kentohan. 

MatfKW techiiiqitf. 

10. Mallory’s pho^iotttngttlc add and hematoxylin te^niqaie. 

11. Ransom’s pyriaJine silver method. 


MIIXBR S MBTHCH) 

The outlined prOoed^ udiich follows was presented in detail by Miller (1944). 
This me^od oamcnnas seivenl basic principles of seurologksal technique. Althc^h 
it is a lengthy ptooedtme it gives exoealent offiesentiation to leech material. Sections 
prepared by tois tneidiod are useful in both histcdogical or cytologicai study. 

, The blowing ot^Une denptes each step in the procedure: 

L Aiuaud r^nkdiifeeaFdiae to n^ ^ 

8. lier^tM gisseMed. 'A vetitral sfe^ of body waU may he Idt attached tor 

mswenienm toosuetadan. A oofU^tety dissected nerve tmOk was {rinned on a 
'stripidi li«avy> papsr bent to tona a'bow. 

4. Tisow fewemed la f% fijatassihm dlduomate two weeks. 

8. Rted feseoemlelunias Mdtotil^ 

MaeeA'fe silver nitmtei after pieo^tote fonna, transfer to fresh 

swSliife'rilmu mheom to oae 

in pmparatfion of celloidin 
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9. Sectiotis cut to desired thickness. 

10. Sections transferred to thin cedar wood oil. This may l>e left here until clear, or until 
ready to proceed. Sections Can be kept serially by separators. 

At this point, two alternative procedures were followed—(A or B). 

IIA. Sections gradually hydrated and placed in 

12A. Six per cent silver nitrate solution for four days (in dark). 

13A. Washed in several changes of distilled water. 

14A. Reduced for 24 hours in the following mixture (in dark); 

HydrO(]umone. . ... 2.0 g. 

Neutral formalin. 20.0 cc. 

Water (distilled) 200.0 cc. 

15A. Washed m several changes of distilled water. 

16A. (Optional) Tone in 0.2% gold chloride, 30 minutes. 

17A. Washed in distilled water. 

ISA, Fixed in 5% hypo-sulphite of soda, 30 seconds. 

19A. Washed in distilled water. (Counter stain at this point if desired ) 

20A, Dehydrated, cleared, mounted in clarite. 

Optional Proceouue: 

IIB. Sections from cedar wood oil were gradually hydrated then placed in 
12B. 20%> silver nitrate solution, 1 hour to 1)^ hours. 

13B. Washed quickly in distilled water and placed in 

J4B. Ammonia ted silver nitrate, 3 minutes. This was prepared by adding concentrated 
aqua ammonia drop by dro^j to 20% silver nitrate solution until ppt. is almost 
dissolved and then filtered. This must l>e freshly prepared, and can be used but 
once 

16B. *Washed cjuickly in distilled water. 

IfiB. Sections placed in 10% formalin 1 minute. 

17B. Washed in several changes of distilled water. * 

18B Tone in 2.0% gold chloride, 10 minutes. 

19B. Washed in distilled water. 

20B. Optional procedure: Reduce in 2,0% oxalic acid plus I cc. formalin per 100 cc. of 
solution, 20 seconds 
21B Washed in distilled water, 

22B Fixed in 5% hypo-sulphite of soda, 2 minutes. 

23B. Washed in distilled water (counter slain at this point if desired). 

24R, Dehydrated, cleared, mounted in clarite. 

A ('ounter stain was used successfully following either of the above variations. 
Mayer's acid hematoxylin and eosin, or Mayer's haemalum gave good cellular 
differentiation. Mallory's phosphotungstic acid hematoxylin as a counter stain 
was very effective following either of the above variations. Standard procedures 
were followed for counter staining and subsequent treatment. 

Method A produced the best material for histological study, particularly with 
reference to the longitudinal and frontal sections. Method B was especially useful 
in cytological study, being particularly valuable in sections through ganglia. Both 
variations were equally satisfactory for general morphological studies. 

OTHER METHODS 

In the course of this study many different techniques were employed. There 
were several which gave good supplementary results. In most instances, mod¬ 
ifications from established procedures were necessary in adapting the technique 
to leech material. At this point the writer wishes to emphasize the importance of 


Explanation OF Plate I 

Fig. 1. Photomicrograph—Method IV. Modification A. “Gross" nerve cell in supra* 
esophageal ganglion. 

Fig. 2. Photomicrograph—Miller’s Method A. Frontal section through ganglion. 

Fig. 3. Photomicrograph—Method II. Cross-section through mid-body ganglion. 
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employing a variety of techniques when undertaking a comprriiensive study. 
This necessitates the employment of diverse methods. In the study of no other 
tissue are these factors more important. Each new variation in t«ihniqtte sup¬ 
plements, rather than displaces, an established procedure. Each series adds its 
contribution to the total picture. The procedures which follow were found to be 
the most applicable, and the preparations the most usable. 


I. Cajal-deCaStro modification. 

1. Relax animal according to method III. 

2. Kill and fix in ammcmiated absolute alcohol, 24 hours; 14 drops concentrated ammonia 

to lOD cc. alcohol. 

3. Dissect nervous then wash in 30% alcohol. 

4. Place tissue in 0% silver nitratCi 72 hours, at 37° C., in dark. 

5. Wash in distillea water. 

6. Reduce 24 hours in dark in 

10% neutral lormalin. .... 20 cc. 

Hydroquinone.. 2 gm. 

Distilled water.. . ... 200 cc. 

7. Wash in several chanj^ of distilled water. 

8. Tone in 0.2% gold chl^de, 30 minutes. 

9. Wash in several changes of distilled water. 

10. Fix in 5% hyposulphite of soda, 80 seconds. 

11. Wash in several changes of distilled water. 

12. Dehydrate, as directed in method 11. 

13. Clear as in method II. 

14. Infiltrate and embed by method I. 

15. Section. 

16. Clear as stated in method III. 

17. Mount in clarite. 


It will be noted that the amount of ammonia may be varied according to the 
specific nature of the nervous system used. Too much ammonia has a tendency to 
produce a faded out picture. It was noted that in sections containi^ both cerebral 
ganglia and ventral nerve cord, the two regions \itere not equally impregnated. 


IL Bielschowsky modification. 

1. Relax animal accorthng to method I. 

2. Kill and fix as described in method I, II, and IV. (Series employing each fixative.) 

3. Dehydrate, method II, III. 

4. Clear, method I and II. 

5. Infiltrate and embed, method 1. 

6. Section, ItV. 

7. Mount, remove paraffin, and gradually hydrate. 

8. Wash in distilled water. 

0. Place slides in 20% silver nitrate, one hour at room temperature. 

10. Wash quickly in dtstilled water (two dips in each of two changes) and place in 

11. Ammonia ted silver nitrate prepared as In 14B, Miller's Method. 

12. Wash quickly in distilled water. 

13. Sections to 10% formalin, 30 seconds. 

14. Wash in distilled water; several changes. 

15. Tone in 0.2% gold chloride* 30 minutes. 

16. Wash in disttUed water. 

17. Reduce m3.0 oataHc acid, plus 1 cc, of 40% formalin per 100 cc. of solution, 30 seconds. 
13. Waiffi in di^led'water. 

10. Fix in 2.0% hyposal|^te of soda, 2 minntes. 

20. Wash in several changes of distilled water. 

21. Dehydrate, method L 

22. Clear, method III. 

23. Mount in clarite. 


* Bxfiakation op Plats II 

Fig. 4. I^t 0 (pucrogranh---Method HI. OCsetiection through caudal ganghon. 

PiQ. 5. t Grosraection through midrbody gahglloh. 

Fig. 6. Photomicitiq^ratdi—HI. Cross-section through subesoimageal ganglion. 
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III. Masson stain. 

This standard stain technique was used with variations as indicated in the 
following: 

1. Relaxingi method I 

2. Killing and fixing, method II and III. 

3. Dehydration, method II. 

4. Clearing, method II. 

6. Infiltration and embedding, method 1. 

6. Section, mount and remove paraffin. 

7. Gradual hydration, stain 6 minutes in Mayer’s haemalum. 

8. Rinse in distilled water, wash in tap water until blue, and return to distilled water. 

9. Stain 6 minutes in 

2 pints ponceau de xylidine 1% In 1% acetic acid in 

1 pint Acid fuchsin distilled water. 

10. Ruise in distilled water, 2 changes. 

11. Mordant 6 minutes in 5% phosphotungstic acid. 

12. Rinse in distilled water. 

13. Stain 6 minfites in 2% aniline blue in 2% acetic acid, 

14. Rinse in distilled water. 

15 Sections to 1% acetic acid, 6 minutes. 

16. Sections transferred to distilled water, then 

17. Direct to 96% alcohol. Differentiate in 95%. Several chants; if stain is light pass 

through quickly. If blue has overatained, place slides m 70% alcohol overnight and 
res tarn. 

18. Five minutes in half absolute and half xylene. 

19. Xylene; two changes, each 5 minutes. 

20. Mount in clarite. 

It will be noted that there are several minor changes from the re^lar routine, 
particularly with reference to the killing and fixing procedure. This stain gave 
excellent cellular and tissue differentiation. 

IV. Mallory*s phosphotungstic acid hematoxylin method. 

Modifications in this technique were largely confined to variations in killing 
and fixing procedure. This method provided a valuable series of sections illustrat¬ 
ing not only the intra-cellular fibi^s, but cytolpgical details of ganglion cells. 
Mallory and Parker in McClung have described the preparation of the stain and 
certain prescribed steps. Leech material was prepared by the writer using the 
following combinations of relaxing, killing, and fixing methods followed by par¬ 
affin embedding. 

lA. Relax by method I, kill and fix, method I, 

2A. Dehydrate by method III, clear, method I, embed, method I. 

IB. Relax by method III, kill and fix, method II. 

2B. Dehydrate, method II, clear, method II, embed, method 1. 

IC. Relax by method I’, kill and fix, method IV, 

2C. Dehydrate, method TI, clear, method IT, embed, method I. 

For the convenience of the reader, the following condensed outline of the 
routine procedure as given by McClung follows: 

1. Sectiona hydrated (if Helly’s fixative was used, treat sections in 70% to which has been 

added iodine) 0.4% iodine in 70% alcohol, 3 minutes. Bleach and wash in 0.26% 
sodium hyposulphate, 3 minutes. Wash in 70% or 60%, 6 minutes. Sections passed 
through 36% to distilled water. 

2. Sections to 0.25% aqueous solution of potassium permanganate, 10 minutes. 

3. Wash in several changes of distilled water. 

4. Sections to 6% oxalic acid, 20 minutes. 

6. Wash thoroughly in several changes ctf distilled water. 

6. Stain 20-24 hours in Mallory's plmsphotungstic acid, hematoxylin. 

7. Sections direct to 96% alcohol (quick). , 

8. Sections to absolute (quick). 

9. Sections to absolute xylene, 60“60. 

10. Sections to xylene, 2 changes. 

It, Mount in clarite. 
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It will be noted that this procedure follows the recommendations of Mallory, 
with the exception of the killing and fixing agents employed, and the special 
treatment following Helly's fixative. 

V. Formal thionin technique as applied to the leech. 

1. Relax by method 11. 

2 Kill, fix and stain, 26 days in the following: 

.26% thionin. 

10% formalin. 

3. Dehydrate in dioxane, 3 changes of 3 hours each. 

4. Clear by method I. 

5. Infiltrate and embed by method I. 

6 Section, mount, remove paraffin in two changes of xylene (five minutes), add clarite 
and cover slip. 

The sections so prepared are usable in general morphological study. It is not 
intended the thionin be presented as a neurological stain. It produces, however, 
a pleasing picture of the general morphology of the tissue, and is extremely useful 
in orientation. 
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Statistical Adjustment 

This book api>ears to be destined to exert considerable influence on the statistical anal)^is 
of data gathered in the industrial, economic, sociological, and biological fields. The emphasis, as 
the title suggests, is throughout placed upon the adjustment of observed data by the method of 
■"least squares." The author demonstrates the wide applicability of this method, first by intro- 
duci^ a few simple illustrations, next by developing the fundamental theory, and finally by 
considering conditions without and conditions with parameters. Throughout, systematic com¬ 
puting forms are included to enable a user of the method of least squares to reach a numerical 
conclusion efficiently—a conclusion that may be used for action. 

This volume may be used as a text in advanced courses in statistical methods, but is likely 
to find greater usefulness among research workers and practicing statisticians. As a novelty, 
the case in which both x and y observations are subiect to error is discussed and illustrated as 
the second of four examples appended at the ebse of the formal development. 

The author has spent sixteen years in the government service, in the Bureau of the Census 
and the Bureau of the Budget, and has had opportunity to test in practice the methods outlined 
in this bo<^.—JS. L, Gr$9n. 

Stativtlcai Adjustment of DsU, by W. Edwards Deming. x-f 261 pp. 24 figs. New York, 
John Wiley and &ns. 1943. $3,60. 



ADDITIONS TO THE REVISED CATALOGUE OF OHIO 
VASCULAR PLANTS. XII.‘ 

CLYDE H. JONES, 

The Ohio State University 


In Spite of travel restrictions, amateur botanists throughout the State have 
contributed their usual number of specimens to the Herbarium during the past 
year. Unfortunately, some collections have remained unexamined due to the lack 
of **man-power'' for assistance and to the teipporary assignment of herbarium 
personnel to the teaching of Army classes on the campus. Tlie Curator, however, 
wishes to thank the numerous collectors for their continued interest and promises 
a report in detail on their contributions as soon as time and assistance permit. 

Without doubt the most important single acquisition of the year is the L. S. 
Hopkins pteridophyte herbarium consisting of approximately 6200 specimens in 
excellent condition. In addition, Mr. Hoplans has contributed over 500 specimens 
representing other families. This latter collection consists for the most part of 
specimens from the northeastern counties of Ohio. It is particularly valuable as 
many of the habitats in which these plants were found have since been destroyed. 

H. W. Rickett, of the New York Botanical Garden, an authority on the 
Cornaceae, has examined our Cornaceae collections and suggested various changes 
in identification and nomenclature. These changes and the distribution of species 
by counties are included in their proper numeri^ position in this report. 

Certain entries in the following list of additions are cited by location only, the 
collector's name being omitted. &uch specimens were collected by John N. Wolfe, 
Richard T. Wareham, and Herbert T. Scofield in the Sugar Grove region during 
the past five years in connection with their study of the microclimates of that 
area. To date they have contributed 76 county records, herein recorded for the 
first time. 

The following list of plants represents a majority of the new county and state 
records which have been added to the State Herbarium during the past year. 

7. Botrychium virginianum (L.) Sw. Virginia Grape-fem. Good Hope Twp.. Hocking 
Co. 

10. Osmunda cinmmomea L. Cinnatnon-fem, Good Hope Twp., Hocking Co. 

27.1. Asplemum bradleyi D. C, Eaton. Bradley's Spleenwort. Jackson Twp., Pike Co. 
Floyd Bartley. 

56. Equiseium nelsoni (A. A. Eat.) Schafin, Kelson's Scouring-rush, Ashtabula Co, 
L. E. Hicks. 

61. Equisetum arvmse L. Field Horsetail. Good Hope Twp., Hocking Co. 

101.1. Potamogelon crispus L. Curly Pondweed. Buckeye Lake, Licking Co. State Depart¬ 

ment of Conservation via G. W. Blaydes. 

129. Spathyema foetida (L.) Raf. Skunk-cabbage. Good Hope Twp., Hockmg Co. 

130. PelUmdra virginica (L.) Kunth. Green Arrow-arum* Good Hope Twp*, Hocking Co. 

140. Seif pus lineaius Mx. Reddish Bulrush. Wayne Co. L. S. Hopkins. 

142, Scifpus sylvaiicus L. Wood Bulrush. Wayne Co. L. S. Hopkms. 

146.2. Sextpus ocetdeniaUs (Matson) Chase. Viscid Great Bulrush. Ashland Co. L. S. 

Hopkins. 

148. Scirpus americanus Pera. Chair-maker's Rush. Medina Co. L, S. Hof^ins. 

166. Eleocharis obtusa (Willd.) Schultes. Blunt Spikentsh. Good Hope Twp., Hocking Co. 

176. Cyperus esculenius L. Nut-grass. Hocking Twp., Fairfield Co. Charles R. GosXin. 

398. ^orobolus cryptmdrus (Torr.) Or. Sand Dropseed. Lake Co. L..E. Hicks, 

409. Ctnm arutuUMcea L. Wood Reed-grass. Hi^lmid Co. L. S. Hopkins. 

442.1. Aeplopsis cylindnca Host. Jointed Goatgrass. Cincinnati, Hamilton Co. Loise 
Clermont. 


^Papers from the Department of Botany, The Ohio Sute University, No. 470. 
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466. CapHola dacfylon {h,) Kiz, Bennuda~|;rass. Pickaway Co. C. J. Willard. 

400. Homcloc«nchfus vir^Uus (Willd.) Bntt. Virginia Cut-grass. Highland Co. L. S. 
Hopkins. 

467. Panicum dichoiomifiorum Mx. Spreading Panic-j^ass. Medina Co. L. S. Hopkms. 
463. Panicum polyanthes Schultes. Many-flowered Panic-grass. Belmont Co. Emma E. 

Laughlin. 

480. Panicum tmncssecnse Ashe. Tennessee Panic-grass. Wayne Co. L. S. Hopkins. 

404. Panicum impUcaUm Scribn. Slender-stemmed Panic-grass. Wayne Co. L, S. 
Hopkins. 

496. PoMcwm Schultes. Variable Panic-grass. Wayne Co. L. S. Hopkins. 

496. Panicum ctandesUnum L. Hispid Panic-grass. Wayne Co. L. S. Hopkins. 

603. Eci^ockloa crus^galli (L.) Beauv. Common Barnyard-grass. Highland Co. L. 8 
Hopkins. 

636. Allium vincola L. Field Garlic. Seneca Co. Kenneth Rinehart via C. J. Willard. 
687. Allium sibiricum L. Siberian Chives. Franklin Co. C. J. Willard. 

661. TftlUum sessile L. Sessile Trillium. Perry Co. Floyd and Elizabeth Clum. 

664. Uvularia perfoliaia L. Perfoliate Bellwort. Good Hope Twp., Hocking Co. 

666. Uvularia grandiflora Sm. Large-flowered Bellwort. Good liope Twp., Hocking Co 
670. Po^gonatum biflorum (Walt.) Ell. Hairy Solomon’s-seal. Good Hope Twp., Hocking 

679. 5m«/ax sctrrhala (E^ekn.) Wats. Upright Smilax. Good Hope Twp., Hocking Co 
628. Iris virginsca L. Virginia Blue-flag. Good Hope Twp., Hocking Co, 

639. Galeorckis spectabilis (L.) Rydb. Showy Orchis. Good Hope Two., Hocking Co. 

666, Isotfia verttcellaia (WiUd.) Raf. Whorled Isotria. Tar Hollow, Ross Co. Clyde H. 
Jones. 

668. Ltparis loeselii (L.) Kich. Fen Twayblade. Tar Hollow, Ross Co. Ethel Harper. 
670. A plectrum kyemtde (Muhl.) Torr. Putty-root. Good Hope Twp., Hocking Co. 

681. Ranunculus ahorUvus L. Kidney-leaf Crowfoot. Perry Co. Floyd and Elizabeth 
Clum. Good Hope Twp., Hodcing Co. 

690. Ranunculus hispidus Mx. Hispid Buttercup. Good Hope Twp., Hocking Co. 

693. Ranunculus oblusiusculus Raf. Lance-leaf Buttercup. Wayne Co. L. S. Hopkins. 
760. Sanguinaria canadensis L. Bloodroot. Perry Co. Floyd and Elizabeth Clum. Good 
Hope Twp., Hocking Co. 

754. Bicuculla cucuUaria (L.) Millsp. Dutchman's-breeches. Perry Co. Floyd and 
Elizabeth Chim. 

762. Barteroa incona (L.) DC. Hoary Berteroa. Lal^ Co. Fred Tyler. 

766. Draba vema L, Vernal Whitlow-grass. Good Hc^ Twp., Hocking Co. 

793. Cheirinia inconspicua (Wats.) Britt. Prairie Cheirinia. Athens Co. Walter P. 
Porter and P. S. Wamsley. 

809. glabra (L.) Bemh. Tower Mustard. Hocking Twp,, Fairfield Co. Charles 

R. Goslin. 

826. Dentaria lacinuUa Muhl. Cutleaf Toothwort. Good Hope Twp., Hocking Co. 

857. Oxalis slricla L. Upright Wood-sorrel. Good Hope Twp., Hocking Co. 

861. Oxalis comiculata L, Procumbent Wood-sorrel. Wayne Co. L. S. Hopkms. 

863. Oxalis violacea L. Violet Wood-sorrel. Good Hope Twp., Hocking Co. 

873. Impaliens biflora Walt. Spotted Touch-me-not. Heme Twp., Fairfield Co. Charles 

K. Goslin. 

882. Poly gala viridescens L. Pumle Milkwort. Good Hope Twp., Hooking Co. 

880.1. Croton glandulosus L. Glandular Croton. Adams Co. Conrad Roth. 

907. Ckamaesyce presUi (Guss.) Arth. Nodding Spurge. Good Hope Twp., Hocking Co. 
906. Ckamaesyce kumisirata (Engehti.) Small. Hairy Spreading Spurge, Medina Co. 

L. S. Hopkins, 

#64. Viola eriocarpa Schw. Smooth Yellow Violet. Good Hope Twp., Hocking Co. 

071.1. Viola arvenns Murr. European Field Pansy. Belmont Co. Emma £. Laughlin 
Adams Co. Conrad Roth. 

980. Viola papUionacegt Pmh, Common Blue Violet. Good Hope Turn., Hocking Co. 

9^, Viola sagHtala Ait. Arrow-loaf Violet. Adams Co. John N. Wolie. 

1001. Alsine media Common Chickweed. Good Hope Twp., Hocking Co. 

1018. SUene sHllaia XL,) Ait. f. Starry Campion. Good Hope Twp., Hocking Co. 

1088. Claytonia virginica L. Sprinsrheauty. Good Hope Twp., Hocking Co. 

1043. Phytolacca americma L. Pokeweed. Good Hope Twp., Hocking Ck>. 

1066. CMHopodeum boscianum Moq. Bose’s Ooosetoot. Greenfield Twp., Fairfield Co. 
Charles R. Ooslin, 

1074. Atri^ex kastata L. Halberdrteaf Qrache, Hocking Twp., Fairfield Co. 
lOOO. SUfironema ciRatum (L,) Raf. Fringed Yellow Loosestrife. Good Hope Twp., Hocking 
Co. 

1114. ParSMorie p«mclai!a (£11,) Small. Dotted Smartweed. Good Hope Twp., Hocking Co. 
1128. Polygonum aukulare L. Doorweed. Hocking Twp., Fairfield Co. Charles R. Goslin. 
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1129. Geum canadenif Jacq White Avens. Good Hope Twp,, Hocking Co 

1179. Agrimonia parviflora Sol. Small-flowered Agrimonia, Good Hope Twp., Hocking Co. 

1248." Tnfoltum agrartum L Yellow Hop Clover. Wayne Co L S. Hopkins. 

1287. Methomia granthflora (Walt.) Ktz. Pointed-leaf Tick-trefoil. Good Hope Twp., 

Hocking Co. 

1325. Stfophosiyles helvola (L.) Britt. Trailing Wild Bean. Belmont Co. Emma E. 

Laughlin. 

1330. Sedum ternaium Mx Wild Stonecrop. Good Hope Two., Hocking Co. 

1331. Penthorum stdoides L. Ditch Stonecrop. Good Hope Twp., Hocking Co. 

13t)6. Parlhenotissus qmnquefolia (L.) Planch. Virginia Creeper. Good Hope Twp., Hocking 
Co. 

1386. Acer saccharmum L. Silver Maple. Good Hope Twp., Hocking Co. 

1387. Acer negundo L. Boxelder. Good Hojie Hocking Co. 

1417. Fagus grandtfolta Ehrh. American Beech. Good Hope Twp., Hocking Co. 

1431. tocctnea Wang. Scarlet Oak. Good Hope Twp., Hocking Co 

14*32. Quercus borealts Michx. var. maxima (Marsh.) Ashe. Red Oak. Tar Hollow, Ross 

Co Clyde H. Jones. 

1433. Quercus palwitris Du Roi, Pin Oak Greenfield Twp., Fairfield Co Charles R 
Goslin. 

14^18 Betula lutea Mx f. Yellow Birch. Revenge, Fairfield Co. 

1452. Juglans nigra L Black Walnut. Good Hoj^e Twp., Hocking Co. 

1453. Juglans cinereah. Butternut. Good Hope Twp., Hocking Co. 

1470. Saltx vitellina L. Yellow WUlow. Tar Hollow, Ross Co. Clyde H. Jones. 

1493. Grossularia cynosbah (L.) Mill. Pnckly Gooseberry. Perry Co. Floyd and 
Elizabeth Cluin. 

1532. Asarum canadense L. Canadian Wild Ginger. Good Hope Twp., Hocking Co. 

1555, Hypopitys amencana (DC) Small. Smooth Pinesap. Tar Hollow, Ross Co. Arthur 
R. Harper. 

1579. Phlox divaricata L. Wild Blue Phlox. Good Hope Twp., Hocking Co 
1619. Fraxinus biltmoreana Bead. Biltmore’s Ash. Tar Hollow, Ross Co. Clyde H. Jones 
1629. Gentiana flavula Gr. Yellow Gentian. Bear Creek, Scioto Co. Don Dumell via 
John N. Wolfe. 

1637. Apocynum medium Greene. Intermediate Dogbane. Wayne Co L. S. Hopkins. 

1646. Asclepias incarnala L. Swamp Milkweed. Good Hope Twp., Hocking Co. 

1671. Physails heterophylla Nees. Clammy Ground-cherry. Wayne Co. L. S, Hopkins 
1678. Solanum nigrum L. Black Nightshade. Cedar Falls, Hocking Co. John N. Wolfe. 
1682. Verbascum blattaria L. Moth Mullen. Good Hope Hocking Co 

1693. Chelone montana var. elatior (Raf.) P. & W. Mountain Turtle-head. Fairfield Co. 

1696 Colhnstavernal>i\xtt. Blue-eyed-Mary Pleasant Twp., Fairfield Co. Velma Beougher 
via Charles R. Goslin. 

1740. Chaenorrhinum minus (L.) Lange. Lesser Toadflax. Benic Twp., Fairfield Co. 
Charles R. Goslm. 

1767 Laptmla vtr^imana (L.) Greene. Virginia Stickseed. Good Hope Twp., Hocking Co. 
1787. Verbena urltcaefolui L. White Vervain. Good Hope Twp., Hocking Co. 

1793. Lippia lanceolata Mx. Frog-fruit. Hocking Co. 

1799. Teuermm occidentale Gr. Hairy Germander. Wayne Co. L. S. Hopkins. 

1820. Mentha canadensis L. American Wild Mint. Medina Co. L. S. Hopkins. 

1823. Lycopus virpnicus L. Virginia Water-hoarhound. Hocking Co. 

1824. Lycopus unifiorus Mx. Northern Water-hoarhound. Good Hope Twp., Hocking Co. 
1828. Koeiiia flexuosa (Walt.) MacM. Narrow-leaf Mountain-mint. Licking Co. H. E. 

Eswine. 

1870. Blephilta htrsuta (Pursh.) Torr. Hairy BlephiUa. Hocking Co. 

1902. Deringa canadensis (L.) Ktz. Honewort. uood Hope., Hocking Co. 

CORNACEAK. DoGWOOD FaMILY 

1936. Cornus altemifolia L. f. Blue Dogwood. Greene, Clark, Champaign, Highland, 
Adams, Scioto, Ross, Pickaway, Franklin, Jackson, Hocking, Fairfield, Licking, 
Knox, Morrow, Richland, Huron, Erie, Lorain, Wayne, Coshocton, Muskingum, 
Meigs, Noble, Monroe, Belmont, Harrison, Jefferson, Carroll, Stark, Simimit, 
Cuyahoga, Lake, and Ashtabula Counties. 

1936. Cornus amomum Mill. Silky Dogwood. Defiance, Adams, Jackson, Meigs, Hocking, 
Licking, Stark, Medina, and Trumbull Counties. 

1936.1. Cornus purest Koehne (C. obltqua). Obliqtie Dogwood. Montgomery, Greene, 

Payette, Clark, Champaign, Logan, Auglaize, Williams, Lucas, Praiiklin, Fairfield, 
Coshocton, Wayne, Richland, Huron, and Ashtabula Counties. 

1936.2. Cornus amomum Mill, x C. purpusi Koehne. ' Clark, Scioto, Franklin, Fairfield, 

Coshocton, Stark, Summit, Erie, and Ottawa Counties, 
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1937. Cornus drummondi Meyer. (This species has long been known as C. asptrifolia, which 

is a species of the southeastern coastal plains.) Drummond’s Dogwood. Hamilton, 
Clermont, Adams, Lawrence, Butler, Warren, Ross, Montgomery, Pickaway, Greene, 
Morgan, Miami, Clark, Madison, Franklin, Licking, Muskingum, Shelby, Logan, 
Knox, Coshocton, AugUuze, Hardin, Lucas, Wood, Ottawa, Erie, Lorain and 
Cuyahoga Counties, 

1938. Cornux rugosa Lam. Round leaf Dogwood Warren, Ross, Lorain, Cuyahoga, Summit, 

Geauga, Lake, and Ashtabula Countnis. 

1939. Cornus racemosa Lam. (C. paniculaia^ C.femina, C. candidtssima). Racemed Dogwood. 

Van Wert, Defiance, Williams, Fulton, Lucas, Wood, Hancock, Hardin, Clark, 
Clinton, Highland, Adams, Ross, Hocking, F'airftcld, Delaware, Wyandot, Mus¬ 
kingum, Coshocton, Richland, Erie, Lorain, Wayne, Belmont, Tuscarawas, Carroll, 
Stark, Cuyahoga, Geauga, and Lake Counties. 

1940 Cornus stalomfera Mx Red-osier Dogwood. Lucas, Huron, Stark, Summit, Cuyahoga, 

Lake, and Ashtabula Counties, 

1941. Cornux florida L. {Cynoxylon flortdum) Flowering Dogwood, Williams, Fulton, 

Defianc'e, Lucas, Logan, Auglaize, Miami, Clark, Preble, Montgomery, Greene, 
Butler, Warren, Hamilton, Clermont, Brown, Adams, Scioto, Highland, Pike, 
Jackson, Gallia, Ross, Vinton, Hocking, Fairfield, Franklin, Lickinfj, Delaware, 
Morgan, Morrow. Wyandot, Richland, Huron, Lorain, Cuyahoga, Medina, Summit, 
Stark, Wayne, Holmes, Tuscarawas, Washington, Noble, Monroe, Belmont, Har¬ 
rison, Carroll, Columbiana, and Trumbull Counties, 

1942. Cornus canadensis L. (Cynoxylon canadense), Bunchlierry or Dwarf Dogwood. Jkicking, 

Stark, Portage, Geauga, Lake, and Ashtabula Counties. 

1951. Cephalanthus occuientalis L Buttonbush. Good Hope Twp., Hocking Co. 

1959. Galium lanteolaium Torr. Lance leaf Wild Liconce Hockmg Twp , Fairfield (3o. 
Charles R. Goslin. 

2013. Campanula aparinoides Pursh. Marsh Bellflower. Good Hope Twp., Hockmg Co. 

2019. Lobelia inflata L Indian Tobacco, Good Hope Twp., Hocking Co 

2030. Heltopsis kehanthotdes (L.) Sw. Smooth Dxeyc. Good Hope , Hocking Co. 

2038. Rudheckia triloba L Thin-leaf Cone-flower. Good Hope Twp , Hocking Co. 

2039. Rudheckia laciniata L Tall Cone-flower Wayne Co L. S Hopkins. 

2072. Bidens laems (L.) B. S. P Smooth Bur-mangold Good Hoiie Twp , Hocking Co. 

2073. Hidens cernua L, Nodding Bur-marigold. Good Hope Two., Hocking Co. 

2080.1. Bidens involucraia (Nutt.) Britt. Long-bracted Tickseea Valley of the Hocking 
River, Athens Co P S. Wamsley and Walter P. Porter. 

2112. Aniennaria planiaginifoha (L ) Rich. Plan tain-leaf Everlasting Good Hoiie Twp , 
Hocking Co. 

2128 Solidago rigidiuscula (T Ik G.) Port. Slender Showy Goldenrod Good Hope Twp., 
Hocking Co. 

2134. Solidago ulmifoUa Muhl, Elmleaf Goldenrod. Geauga Co. L. S. Hopkins 

2160. Aster shorlii Hook. Short’s Aster. Hockmg Co. Warren Jacobs. 

2161. Aster azureus Azure Aster. Hockmg Co. Warren tacobs. 

2152. Aster cordifolius L, Common Blue Wood Aster. Hocking Co. Warren Jacobs 
2163. Aster lowrieanus Vori, Lowrie’s Aster Hocking Co 
2167. Aster undnlatus L Wavy-leaf Aster. Fairfield Co. 

21o8- Aster puniceus L Purple-stem Aster. Good Hope Twp , Hocking Co. 

2163. Aster prenanthoides Muhl. Crooked-stem Aster. Hocking Co. Warren Jacobs. 

2164. Aster laevis L, Smooth Aster, Hocking Co. 

2165. Aster concinnus Willd. Narrow-leaf Smooth Aster. Hockmg Co. Warren Jacobs. 

2167, Aster laterifiorus (L.) Britt, Starved Aster. Good Ho^x^ Twp., Hocking Co. 

2169. Asier vimtneus Lam Sm^ll White Aster. Hockmg Co. Warren Jacobs 

2174. Aster tradescanti L Tradeacant’s Aster. Good Hope Twp., Hocking Co. 

2179. Ertgeron philadelphicus L. Philadelphia Fleubanc. Good Hope Twp., Hocking Co. 

2180. Erigeron ramosusJVia.\t.) B. S. P. Daisy Fleabane. Good Hoiie Twp , Hocking Co. 

2184. Doellingeria umbeihta (Mill.) Nees. Tall Flat-top Aster. Wayne Co. L. S. Hopkins. 

2196. Eupatorium aromalicum L, Smaller Snake-root. Good Hope Twp , Hocking Co. 

2204. Vernonut altissima Nutt. Tall Ironweed. Good Hope Twp., Hocking Co. 

2212. Achilla millefolium L. Common Milfoil. Fairfield Co. 

2239. Erechites hieracifolia (L.) Raf. Fireweed. Good Hope Twp,, Hooking Co. 



BOOK NOTICES 


All about Vifua DiaetBea ^ 

An^ne wishing to be brought up to date concerning virus diseases should read Seiflert*B 
"Virus Diseases in Man, Animal and Plant." Here can be found a csomprchonsive survey of 
present day knowledge of the subject. The book is contposed of six divisions. In the first 
division general concepts of vira and their behavior are discussed. The second and largest 
division ^es up 182 pages, in which 78 virus diseases in man, annuls and plants are diseased. 
One divi^on is concerned with virus'like organisms and another with filtrable types of bacteria. 
One division takes up the various methods oi virus investigation. The final section is a reference 
index.—Z>. C. 

Virus Diseases in Man, Anlmsl and Plant Gustav Seifiert. VI Divisions, 382 pp. The 
Philosophical Library, New York. 1944. 


Oenes and the Man 

"Genes and the Man" may more appropriatriy be tl^ght ^ as an elementary text book 
of human biology than as one of genetics. While genetic principles are stressed throughout, 
much of the book has to do with embryology and phy^ology. There are six chaiTters, which 
vary considerably in length. Chapter v, entitled "From Potentialities to Realization," is the 
longest, covering 128 pe^es, and is almost entirely devoted to human embryology. The shortest 
chapter, "On Growing Old," is only 23 pages in teng^, and, u one might surmise, deals with 
longevity. One chapter deals exclusively with sex, giving a discussion of the evolution of sex¬ 
uality, as well as sex determination and sex-link^ factors. The book contains a wealth of 
material and is well illustrated. "G^es and the Man" should make a good text for serious minded 
college students who take only one course dealing with human biology.— D. C. Rife. 

Genes and Hie Man. Bentley Glass. VI Chapters, 886 pp. Columbia University Press. 
1943. 


Alaska Diary 

The late Ales Hrdlicka, one of the most widely known anthropoIoMts in America, was 
Curator of Physical Anthropolo^ at the United States National Museum Tor thirty-three years. 
In 1926 he decided to to to Ala^ in search of evidence which would throw light upon the entry 
of man into the New World from Asia across Bering Strait. Ahska Diary consists of the d^y 
record of this journey along with the day by day accounts of his three following expeditions 
made in 1929, 1930 and 1931. 

Traveling by boat, the author colored the lower portions of the Yukon River, the 
Kuskokwim River, and the Nushagak River. The diary, which makes no pretense to literary 
style, deals largely with details of traveling through a poorly settled oountiy and with the minor 
hardships encountered on the trips. He stopped at and "new" village sites of both the 
Indians and Eskimos. At the modem villages he would measure Ibe adults and gisre free med¬ 
ical treatment to those who were ailing and at the old and abandoned sites he would collect 
human skeletons and artifacts. He soon beoune known to the natives along the rivers as the 
"skull doctor" and in the main was well received by them. Mosquitoes and other biting insects, 
along with barking dogs, made it hard to get enough sleep but the author ^wed remaricable 
endurance for a man of his age. 

Alaska Diary does not make smooth reading and if one is looking for informatton pertaining 
to the "customs, traditions and characteristics" of the natives of the region be wiU be disap¬ 
pointed. Physical anthrc^logists and archaaologbts probably will quemon the value of some 
of the material for scientific purposes but it must pe kept in mind that this was a |fioneerkig 
work. Its greatest value may well prove to be the information it oontakis concerning the loca¬ 
tions of archaeological sites. Many sites were untouched by Hrdlicka due to lack of time, lack 
of assistance, and the frozen condition of the ground. The future ardtiaeologist workiog in the 
area will have much of the reconnaissance work already done for him and can excavate some of 
the more important sites without further search. 

The illustrations showing Indkm and Bsld^ types and scenes along the rims add ooA- 
siderably to the book’s interest even though they are not so good fmm the technical standpoint. 
Those interested in the scientific aspects of the expeditions may consult the various reports Which 
are mentioned at the end of the book. Akuibi uiofy will be of intereat to anyone plarniing to 
travel in Alaska or to the reader who Ukes to travel vicariously.—RIdkard G. Morgan* 

Alaska Diary, by Ales Hrdlicka, The Jacques Cattell Press, Lancaster, Petmsylvania, 1948, 
XV—414 pp., 232 Illus., |5,00, 
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THE OHIO ACADEMY OF SCIENCE 

Organized 1891 Incorporated 1892 

Affiliated with the American Association for the Advancement of Science 


OFFICERS AND COMMITTEES FOR 1944 1945 


Prestdmt 

J. Ernest Carman 


Vice-Presidents 


A. Zoology: Marion Boesel 

B. Plant Science: W. B. Steidtmann 

C. Geology: George W, White 

D. Medical Science: L. F. Edwards 

E. Psychology: Arthur G. Bills 

F. Physics and Astronomy: C. W. Jarvis 


G. Cteography: James R. Beck 

H. Chemistry: Roy G. Bosseri 

I. Mathematics: E. I. Yowell 

J. Junior Academy: Philip Dye 

K. Anthropology: Richard G. Morgan 


Secretary 
A. W. Lindsey 

Treasurer 
Clarence E. Taft 

Historian 

William H, Ai^xander 
Executive Committee 

Es-Oficio: J. E. Carman, A. W. Lindsey and C, E. Taft 
Elective: G. W. Blaydbs and Gsorgb W. White 

1945 

1946 

1947 


Trustees of the Research Fund 
F. C. Blake, term expires.. , .. ., . 

M. E, SncKNBY, term expires. . . , 

Herbert Osborn, Chairman , term expires. 
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Library Committat 
Mrs. Ethel M. Miller, Ciairman 
Librarian in charge of Academy Exchanges and Publications 
William Lloyd Evans, term expires. 

A. C. Anderson, term expires ... . . . 

ConttniUee on Conservation 

E. Lucy Braun, term expires 

E. S. Thomas, term expires.. , , .,. 

Wilber Stout, term expires... . 

Rosctffi E. Franks, term expires. 

T. H. Langlois, Chairman, term expires,. , 

E. L. WiCKLiRF, term expires. 

G. W. CONREY, term expires. 

L. C. E>ow, term expires 
E. W. E, ScHRAR, term expires 

Committee on Nominations for 1944~^^4^ 

The Vice-Presidents of 1M3-1944— E. W. E. Schear, Chairman 


i 


1946 

1946 


1945 

1945 

1945 

1946 
1946 

1946 

1947 
1947 
1947 


Membership Committee for i9JH-19Ji5 


A. Zoology: William C. Beaver 

B. Plant Science: C. J. Willard, Chairman 

C. Geology: K. C. CorriNGHAM 

D. • Medical Science: Norm and L. Hoerr 
E Psychology: Herbert A. Toops 

F, Physics and Astronomy: J. L. Glatuart 


G. Geography: F. J. Wright 

H. Chemistry: Paul Rothemund 

I. Mathematics: * 

J. Junior Academy: D. C. Fast 
A. Anthropology: F. G. Detweiijkr 


Committee on Necrology 

George I). Hubbard, term expires. . . . , . , 1946 

F H. Krecker, Chairman, term expires ., . . , , 1946 

Charles G. Shatzer, term expires. . .1947 

Committee on Resolutions 

C. E, O'Neal, term expires. .1945 

P. M. Rea, term expires. . 1946 

Eugene Van Cleef, term expires_ ... .... .1947 


Academy Representatives 

1. On the Joint Administrative Board of the Ohio Journal of Science; 

William Lloyd Evans, term expires,... .1946 

A. C. Anderson, term expires. .1946 

2. On the Council of the A. A. A. S.: A. W. Likdsby. 

3. On the Save-Outdoor-Ohio Council: Roscob W. Franks. 


Anderson, A. C. 
Beaver, William C. 
Beck, James R. 
Bills, Arthur G. 
Blaydes, Glenn W. 
Boesel, Marion 
Bossert, Roy G, 
Carman, J. Ernest 
Cotongham, K. C. 
Detweiler, F. j. 
Dye, Philip 


The Council for t9JH-t9iS 

Edwards, L. P. 

Evans, WIluam Lloyd 

Past, D. C. 

Glathart, Justin L. 
Hoerr, Normand L. 
Jarvis, C. W. 

Krbcrsbr, P. H. 
Langlois, T. H. 
Lindsey, A. W. 

Molsr, Mrs. Ethel M. 
Miller, John A. 


Morgan, Richard G. 
Osborn, Herbert 
Rothemund, Paul 
Shetrokb, H. C, 
StBIpTMANN, W. B. 
Taft, C. E. 

Toch>3, Herbert A. 
White, Gborge W. 
WllXARl>, C. J. 
WRIOHt, P. * 

VbBhsLL, B 




*The Mathematics Section has not elected a membership committeeman for the year. 
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REPORT OF THE FIFTY-FOURTH ANNUAL MEETING OF 
THE OHIO ACADEMY OF SCIENCE 


Th« possibility of holding a meeting this year caused much discussion in the Executive 
Committee. Thanks to the willingness of members from the Ohio State University to assume 
responsibility for a second meeting in succession on their campus, plans were made for the 
usual gathering on May 4, b and 5, 1944. 

The first meeting was that of the Executive Council at 8:00 P. M. on May 4, in the trustees* 
room of the Ohio State Museum. This meeting seemed unusually well attended and enthusi¬ 
astic. No other evening programs had been planned. 

Friday was devoted as usual to section programs. The sections on Physics and Astronomy 
and Mathematics joined forces, since other recent meetings in these fields had curtailed their 
programs. In spite of this abridgment a total of 94 papers appears in the annual program, in 
addition to a forum and some discussion periods. Since last year’s program included 95 titles, 
we seem to have found our wartime level at this point. The program of the Junior Academy 
took place on Saturday, May 6. 

The Ohio State Museum displayed an extremely interesting exhibit of enlargements from 
Dr. E. S. Thomas’ nature photographs. For their technical excellence and artistic qualities 
as well as for their value in the field of nature study they were worthy of careful attention. 

The annual banquet and business meeting were held again in the Faculty Club with Dr. 
L. H. Snyder as toastmaster. Following a greeting from President Howard L. Bevia of the 
Ohio State University and the response for the Academy by Dr. H. H. M. Bowman of Toledo 
University, President Shetrone read, as his retiring address, a paper on prehistoric irrigation 
in Arizona which introduced the group to an amazing Chapter of human life in our continent 
with vivid suggestion of the fascination of archaeological research. 

In the annual business meeting the report from the Council included the names of about 
fifty new members~a fine tribute to the work of section officers during the year—and the 
names of the following twenty-eight newly elected fellows; 


Aluson, Clyde C. 
Hartley, Floyd 
Beck, Jaubs R. 
Cunningham, John F. 
DeLor, CAUnxE J. 
Dickerman, E. Eugene 
Doan, Kenneth H. 
Bdbluann, Abraham 
Emo, Lorenzo 
Glathart, Justin L. 


Hollenbeck, Zeph J. R. 
Humphrey, Sylvester S. 
Miller, Mrs. Ethel M. 
Myers, R. Maurice 
Norris, Frederick H. 
Pontius, Leslie L. 
PoPHAM, Richard A. 

PUPPEL, ITALO D, 

Rabkin, Samuel 


Reed, John F. 

Rogick, Mary D, 
Shanks, Royal E. 
Stumm, Erwin C. 
Sturgeon, Myron T. 
Swanson, Carroll A. 
Taylor, Mrs. Bayard 
Tilford, Paul E. 
Wetshaupt, Clara G. 


Dr. F, G. Detweiler read the report of the Resolutions Committee, expressing the Acad¬ 
emy's appreciation to our hosts for again assuming the responsibility for a wartime meeting 
with Such thoroughly gratifying lesults. 


Respectfully submitted, 


A. W. Lindsey, Secretary. 
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REPORT OF THE TREASURER 


Columbus, Ohio, May 4, 1944. 

To the Ohio Academy of Science: 

1 submit herewith a Enancial statement of the condition of the Ohio Academy of Science 
as of December 31, 1943. The books have been audited and the opinion of the auditor is 
herewith attached. 


Respectfully submitted, 

Clarence E. Tai-t. Treasurer. 


Ohio Academy of Science Balance Sheet as at December 31, 1943 


Assets 

Current Expense Fund: 

Cash on Hand .1 15 00 

Cash in Bank 518,13 


Total Cash I 533 13 

Interest Receivable 19 50 

Bonds Owned: 

Federal Farm Loan 1946-55 (cost) . . . $1,300 00 

War Savings Bond Series F (cost) J11.00 


Total Bonds Owned 


1,411 00 


Total Assets—Current Exi>ense Fund 


$1,963 63 


Research Fund- 

Cash in Bank . . ... $ 234 78 

Banc-Ohio Securities Company Stock (cost). 437.50 

Bonds—Fort Hayes Hotel, Columbus, Ohio (cost) 1,300 00 


Total Assets—Research Fund 1.972.28 


Toial Assets. ,. $3,936 91 


Ltauilities and Net Worth 


Current Expense Fund: 

Liabilities: 

Accounts Payable $ 206 60 

Deferred Credits: 

1944 Dues collected m 1943 , , 36.00 


Total Liabilities and Deferred Credits. ., $ 240.50 

Net Worth: 

Ohio Acadeniy of Science: 

Current Expense Fund Surplus. .$1,723.13 

Research Fund Surplus.. . 1,972.28 

Total Net Worth ,. .3,695.41 


Total Liabilities and Net Worth 


$3,935.91 




No. 5 


OF THE OHIO ACADEMY OF SCIENCE 


197 


Ohio Academy of Science Statement of Income and Expense 


Income; 


For the Year Ended December 31, 1943 


Dues collected in 1943. 
Grants for Research. 
Sale of Publications 
Interest on Bonds. 


11,372 50 
172 00 
10 66 
39 00 


Total Income .... ... $1,594 16 

Operating Expenses: 

Subscriptions, Ohio Journal of Science. ... ... $858 75 

Printinj?: 

Proceedings Ohio Joumnl of Science $103 68 

Other Printing . ^ 03 

Total Printing 191 71 

Research Grants 172 00 

Postage and Telegraph .... 36 32 

Office Supplies and Expense .... 28 58 

Expenses—Officers and Committees 25 88 

Secretary's Honorarium , . 100 00 

Auditing Expenses., 16.00 

Bond of Treasurer ,. 5 00 

Safety Deposit Box Rent 3 60 

Bank Charges 13 36 


Total Operating Expenses 


1,449 20 


Excess of Income over Expenses 


I 144 96 




AUDITOR’S CERTIFICATE 

CoLUMuus, Ohio, July 1, 1944. 

The Ohio Academy of Science, 

Columbus, Ohio. 

Gentlemen: 

In accordance with your instructions, I have audited the accounts and records of the 
Treasurer of the Ohio Academy of Science for the year ended December 31. 1943. 

I did not audit the Research Fund. 

I hereby certify that in my opinion the books and records of the society are being kept 
in accordance with accepted accovuiting principles and the accompanying balance sheet of 
the Current Expense Fund as at December 31, 1943, and related statement of Income and 
Expense fairly present the financial condition of the Ohio Academy of Science (Current Expense 
Fund) and the results of operation for the year ended that date. 

Respectfully yours, 

Daniel M, Shonting, 

Certified Public Accountant. 
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REPORT OF THE TRUSTEES OP THE RESEARCH FUND 

The Research Fund of the Academy had a reported balance in the checking account on 
December 31, 1043, of $284.78. The additions created during the year 1943 were $46.30 and 
a grant of $50,00 with service charges at bank of $1.14 gives a balance of $280.14 for December 
31, 1943. 

Summary OK Receipts and Disbursements 


Receipts 

Balance in Bank as of December 31, 1942 .$ 284 78 

Receipts ,48,60 


Total 


$ 331 28 

By grant to Dr. M^er 

Service charts at Bank 

Disbursements 

$50.00 
, 1.14 

-- 61,34 

Balance in checking account December 31, 1941 

$ 280 14 

Bonds (at cost) 

BancOhio stock (at cost) 

Cash on deposit, Ohio National Bank 

Assets 

. $1,300 00 
437 60 
280.14 


Total . , , . $2,017 64 


The allowance from the A. A. A. S. for 1944 is $165.00 and this has been granted, $100.00 
to Dr. Meyer for continuation of a study of mineral nutrition of Russian dandelion, and $65,00 
to Dr. Venard for further work on Ohio mosquito fauna. 

While grants from our Research Fund must be of small amounts, they can give aid and 
encouragement to projects worthy of assistance and it is desired that they have as wide a 
distribution as possible for locality and field of investigation. They should not only give aid 
to worthy projects but stimulate research activity in many places and for many members 
of the Academy, 

Respectfully submitted, 

Herbert Osborn, Chairman, 

Paul B. Sears, 

P. C. Blake, Trustees. 


REPORT OF THE EXECUTIVE COMMITTEE AND COUNCIL 

The activities of our governing bodies were less extensive than usual, largely due to the 
serious illness of President Shetrone. The Executive Committee did little but plan for the 
annual meeting. 

At the meeting of the Council February 12, on the campus of the Ohio State University, 
Dr. F, S. Howiett presided. The question of holding an annual meeting, reported favorably 
by the Executive Committee, resulted in unanimous approval of the meeting. The possible 
dates were subjected to a long discussion, due to the umisual conditions imposed on educational 
institutions by the war. It was finally agreed that the meeting should take plaoe at the Ohio 
State University on May 4, 6 and 6, 1944. It was evident in the discussion that there is a 
division of opinion on the time for the annual banquet and business meeting and on the advan¬ 
tages of Saturday or preceding days for programs. Evidently a more general expression of 
opinion is to be desired on these points. Aside from acting on membership applications the 
Council considered no other business at this time. 

The Annual Meeting of the Council took place in the Trustees Room of the Ohio State 
Museum at 8:00 P. M., May 4. The reports published herewith were presented at this meeting 
as required by the Constitution. They show that the affairs of the organization-are in a 
prosperous state, only the circulation of publications apparently suffering rather seriously from 
the war. 
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At this meeting Dr. Glenn W. Blaydes of the Department of Botany and Dr. George W. 
White of the Department of Geology, Ohio State University, were elected to the Executive 
Committee for the coming year. 

Steps were taken to assure the constitutional maintenance of the Committees on Necrology 
and Resolutions. 

Nominations to fellowship resulted in the election of twenty-eight fellows, whose names 
are listed in the preceding report on the Annual Meeting. 

The Council authorised the Treasurer to spend up to $25.00 per year for clerical assistance. 

A motion was passed recommending that the Junior Academy consider association with 
the Science Clubs of America and report to the Council at its next meeting. 

The meeting adjourned after a considerable period of semi-formal discussion of various 
aspects of the work of the Academy which demanded no specific action. 

Respectfully submitted, 

A. W. Lindsky, Secretary. 

REPORT OF THE JOINT ADMINISTRATIVE BOARD OF THE 
OHIO JOURNAL OF SCIENCE 

Columbus, Ohio, April 28, 1944. 

To the Ohio Academy of Science: 

The annual meeting of the Joint Administrative Board of the Ohio Journal of Science 
was held at the Ohio State University, April 28, 1944. The meeting was called to order by 
the Chairman, Dr. Snyder, at 11 A. M. Present were Drs. Snyder and White, representing the 
Ohio State University; Dr, Evans, representing the Academy, and Drs. Blaydes and Miller, 
representing the Journal, Dr. Spencer being unable to attend. 

The minutes of the preceding meeting were read and approved. A motion presented by 
Dr. White and seconded by Dr. Evans that Drs. Blaydes and Miller be retained as Editor 
and Business Manager for the year 1944H16 approved. 

The Business Manager*s report was given by Dr. ^Miller. He called the attention of the 
board to the fact that the $251.02 surplus over 1942 should not be interpreted as indicating 
as accumulating asset. The cost of printing during the past year has increased by $234.66. 
It was possible to meet expenses during the past year due to the payment of $497.75 by the 
Academy for delinquent memberships. The Journal has effected to the limit economies 
through change in format, size type, and reduction in number of pages. Further reductions 
are impractical and would effect no material savings. 

The Business Manager wishes to place on record before the Academy the fact that with 
the increase in cost of production of the Joximal additional problems in financing must be faced 
in the near future. 

Drs. Snyder And White were appointed as auditors. A motion by Dr. Evans and seconded 
by Dr. White that the Business Manager*s report be accepted. The motion was oarried. 

The financial statement follows: 

The Ohio Journal of Sciencb—Fiscal Year 1943 


Balance for 1942. $215 29 

University allowance - . ... 760.00 

Ohio Academy of Science—pro rata of dues . ... 716,60 

Ohio Academy of SolenCe—Proceedings. . . . ., , 103 68 

Ohio Academy of Scienoe--dolinquent membership payment. 143 25 

Ohio Academy of Scienoe-^Balance from 1942,.... 260 00 

Subscriptions. — .... 111.00 

Sale of hack numbers.‘ ...... . .. 77 36 

Author’s payment for plates.. . 43,46 

Payments by authors and institutions of publication Costs. 148.75 


$2,558.29 

Checks outstanding—0. S. U. Mailing Department. . . . , . 6,01 


$ 2 : 563.30 
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Expenditures 


Spahr and Glenn, Printing Vol. 43, and envelopes and stationery 11,777 18 

Bucher Engraving Company. 201.60 

Postmaster. 30 00 

O. S. U. Mailing I^partment. 6 01 

Bank charges. . 2 32 

Student Auditing Fund 1.00 

Clerical assistance , . , . 20 00 


$2,096.09 

Balance on hand, February 14, 1944 (Huntington National Bank) 466 31 


$2,563 30 

The Editor’s report was given by Dr. Blaydes. The Editor reports that 44 papers, 28 
book reviews and the Academy Proceedings were presented in 277 pages in Volume 43. 

The problem of obtaining manuscripts under war conditions was discussed at some length. 
The Editor is continuing in his effort to obtain special invitation papers. 

The Editor wishes to call attention to the board and through the board to the Academy 
the many difficulties which war conditions have precipitated. He asks that the Academy 
try to understand that delays in publication, reduced weight and quality of paper are but a 
few of the editor’s war time problems. A motion by Dr Evans and seconded by Dr. White 
that the Editor’s report be accepted. The motion was carried. 

A motion presented by Dr. White, seconded by Dr. Evans and passed by the board is as 
follows: The board desires to extend to the EditoY and Business Manager of the Journal its 
sincere appreciation and approval in perpetuating a commendable publication under the most 
trying circumstances. 

The meeting adjourned at 12:30. 

John A. Miller, 
Secretary of the Board, 


REPORT OF THE LIBRARY COMMITTEE 

Columbus, Ohio, May 4, 1944. 

To the Council of the Ohio Academy of Science: 

The sales of publications plus sales tax amoimted to $13.61. This sum, less 49 cents 
expended for fifty tax stamps, has been given to the Treasurer. Twenty-three items were sold 
in seventeen sales. Six were copies of Dr. W. G. Stover’s Agaricaceae of Ohio and five of those 
were sold as a result of the favorable comments made about it by Mr. E. S. Thomas in a Sunday 
issue of the Columbus Dispatch last August. 

This is the fourth year that the Ohio Journal of Science has not been sent to foreign countries 
in the easteni hemisphere and the third year that it has not been mailed to the other Americas. 
The stock became too large for the storage facilities of the mailing room and as the main 
building of the Ohio State University library had no place for it, it was all brought over to the 
Botany and Zoology library where it was assembled into volumes, wrapped, marked, and 
stored on top of the book stacks. The surplus for each issue is brought and put away in the 
same manner. The volumes will be posted at the end of the war to the exchanges whose 
libraries are still in existence. 

Two years ago the members of the library committee considered ways to circulate more 
of the stock of the Annual Reports and special papers of the Academy. Two plans were pro¬ 
posed and the results were to be reported the following year. One plan was to send the 
list again to book dealers. This was done and the report was made last year that it has 
produced no results. The other plan was to make use of the forthcoming new edition ci the 
Union List of Serials in order to ascertain the various numbers of the Proceedings which were 
lacking in the libraries listed in it and offer to supply them on a sale or an exchange basis as the 
case might be. As the publication of the Union List was postponed for a year, the report on 
this plan had to be held over until this year. 
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Nmety-five libraries in this country and Canada reported their holdings of the Ohio 
Academy of Science Proceedings in this new edition. Of this number, twenty-five libraries 
in the United States and two in Canada reported complete sets. Notices were sent to twenty 
libraries which had more than just a few stray numbers, offering to supply what they lacked 
if the numbers were still available. So far replies have been received from twelve, with the 
result that five of them had complete seta without realizing it. This was due to the fact that 
the name *'Proceedings*' and the volume numbering did not begin until the twelfth report 
which Professor J. H. Schaffner marked as volume four, part 1, He assembled the first eleven 
reports and the first seven special papers into three volumes, and although he was very careful 
to give a full explanation in the twelfth report, yet quite a number of libraries assume that 
they lack the first three volumes of the Proceedings. Two libraries reported having com¬ 
plete sets except for one paper, the unavailable Trees of Ohio, by Professor Schaffner. Their 
sets were completed for three libraries, and for another except for this one pai)er, so that now 
the record is that thirty-five libraries in this country and Canada have complete sets and five 
more lack only the one paper. But not much stock was used as filling in the sets ui the four 
libraries required only ten special papers and forty-three annual reports. Correspondence 
will be maintained with more of the libraries that are cited in the Union List of Serials. 

As a result of the notice published in the November issue of the Ohio Journal of Science 
that a copy of Professor E. L. Moseley’s book on Milk Sickness caused by White Snakeroot 
would be sent without cost, twelve copies were posted to members of the Academy living in 
various parts of Ohio and in two other states. Three more members will be supplied later 
with copies. 

One new exchange was secured, another was resumed as publication was begun after a 
lapse of thirty years, and one of long standing was transferred from the exchange list of the 
Academy to the subscription list of the Ohio State University library as the organization had 
found it necessary to curtail the number of its exchanges. 

Respectfully submitted, 

Warren P. Spencer, 

WU.UAM Lloyd Evans, 

Ethel Melsheimer Miller, Chairman 


REPORT OF THE COMMITTEE ON NECROLOGY 
To the Ohio Academy of Science: 

Your Committee deeply regrets to report the death of four members of the Academy 
which have been brought to its attention. The names are those of Dr, Arthur T. Evans, Prof. 
Ralph A. Schaller, Dr. Adam P. Seyfried, and Dean Alfred Vivian. 

Arthur T. EvANs—The death of Dr, Arthur T* Evans, Head of the Department of Botany 
at Miami University, occurred on October 6, 1943, in Oxford, Ohio, after an illness of several 
months. He was bom in Wellington, Illinois* in 1888. He came to Miami University in 1928 
from South Dakota State College, where he had been head of the Department of Botany and 
Plant Pathology since 1920. During the year 191S-1919 he conducted investigations on cereal 
crop diseases in the Great Plains area for the United States Department of Agriculture. His 
academic training was received at the universities of Illinois, Colorado, and Chicago. Early 
experience as a teacher was gained in the Wakefield, Michigan, Township High School, of 
which he was principal. With the coming of World War II he became actively interested in 
promoting the development of Victory gardens in the region about Oxford. 

The scientific organisations of which Dr. Evans was a member were the American Botanical 
Society, American Association for the Advancement of Science, Sigma Xi, and Phi Sigma. 
He Joined the Ohio Academy shortly after coming to Miami University and was made a Fellow 
in mi 
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Ralph A. Schaller —An active and useful life came to an all too early close in the death 
of Professor Ralph A. Schaller, of Bowling Green State University, at Bowling Green, Ohio, 
on February 3, 1944, a few weeks short of his forty-third birthday. In 1940 he had became 
instructor in biology at Bowling Green and in 1943 he was advanced to the rank of Assistant 
Professor. His scientific interests were primarily in the field of botany. His early profes¬ 
sional life had been largely devoted to high school instruction. In 1931 he received the degree 
of Master of Arts from the Ohio State University and subsequently continued work toward 
the doctorate. His high school experience quite naturally developed an interest on his part 
in the junior division of the Ohio Academy of Science and for a time he was vice-president of 
the Junior Academy. An active interest in the problems of conservation led to his election 
to the presidency of the Wood County Natural Resources Coimcil. In addition to being a 
member of the Academy he belonged to the American Association for the Advancement of 
Science. 

The wide range of Professor Schaller's interests is shown by the fact that he had served 
two terms on "the Bowling Green city council, was leader in his church and had been twice 
president of the Bowling Green State University Alumm Association. 

Adam P Skyfried-— Dr. Adam P. Seyfried was Associate Professor of Biology at the 
University of Dayton. His sudden death in Dayton after a brief illness on August 29, 1941, at 
the age of 44, brought to an untimely end a career as teacher in the educational institutions 
of the Society of Mary which had lieen most successful and gave full promise of even gireatcr 
usefulness. He was beloved by all who knew him, colleagues, students, and friends alike, for 
his geniality, kindness and sincerity of character. After graduation from the University of 
Dayton he taught in California and in Detroit. He then did graduate work at the University 
of Fribourg, Switzerland, from 1924 to 102fl, from which institution he received the degrees 
of Master of Arts and Doctor of Philosophy. His research was on the anatomy and histology 
of the myrmicophilous histerid Chrysetaertus ihertngt. Following a six-year term as pricinpal 
of St. James High School in California he joined the faculty of the Unit'ersity of Dayton in 1925. 

Besides membership in the Ohio Academy of Science he held membership in the National 
Association of Biology Teachers and in the American Association for the Advancement 
of Science. 

Alfred Vivian— In the death of Dean Alfred Vivian, the distinguished Dean Emeritus 
of the College of Agriculture of the Ohio State University, the University, the Ohio Academy 
of Science, the state and the nation have lost an outstanding leader in the development of 
scientific agriculture. He died in Columbus, Ohio, at the age of 76 on October 23, 194^, from a 
heart ailment after a three-day illness. Those who knew him ever remember his genial nature, 
those who worked with him will miss his kindly and sound counsel, and those who enjoyed bis 
intimate acquaintance will cherish memories of warm and loyal friendship. Dean Viyian^s 
early scientific interest was in agricultural chemistry in which field he obtained his doctorate 
at the University of Wisconsin and in which he began his career at the Ohio State Uni verity 
in 1902 as an Assistant Professor. His subsequent work in this phase of chemistry was out¬ 
standing and his development of the Department noteworthy. His broad interest iri 'agri¬ 
culture, his grasp of rural problems, and his keen and enthusiastic appreciation of the 
possibilities in scientifically conducted agriculture led to bis selection as Dean of the*College 
of Agriculture in 1916. Under his direction this division of the University reached a position 
of leadership in the agricultural world. He was a member of numerous scientific organisations 
and was elected Fellow of the Academy in 1920. ’’ 

When he gave up his actiw professional life, Dean Vivian continued his interest in the 
life of the rural dweller, and of the city dweller as well, by sharing with others his unosuhlfy 
large collection of musical records through the medium of broadcasting station WOSU. ' ui|) 
to the time of his death he planned, supervised, and frequently announced a daily ptdghlhi 
entitled “World Famous Music,“ made up of records taken from his library. 

Hes^ctfully submitted, 

Frederick H. 



A UNIQUE PREHISTORIC IRRIGATION PROJECT^ 


HENRY C. SHETRONE 
Ohb State Archaelo^cal and Hifitorical Society 
Columbus, Ohio 


Intentional diversion of water from its natural channels, for the purpose of 
irrigating regions of inadequate rainfall, is widespread in time and space. Usually, 
however, it is thought of as something of an innovation and as of more or less local 
significance. 

Inhabitants of humid areas are likely to under-estimate the very considerable 
portion of the earth's surface where the natural supply of moisture is insufficient 
to meet the needs of agriculture and other human economic requirements. In 
the United States alone virtually one-half the land area, westward from its longi¬ 
tudinal center, is arid or semi-arid, as are vast areas in Mexico and South America. 

Much of the Old World, particularly those countries adjacent to the Mediter¬ 
ranean and in the Near East, where ancient civilizations originated and flourished, 
are arid and desert-like. The valleys of the Tigris, the Euphrates and the Nile 
are classical examples of the dependence of life on the natural or induced overflow 
of these great river systems. 

The importance of water—^and the tragedy of too much or too little—arc 
reflected in the early literature, both sacred and profane, from the time of the 
Babylonian poet-philosophers downward through the centuries. An outstanding 
record of excessive rainfall is that of the Noachian flood; a minor example may 
be found today in the rain belt where someone, perhaps with a picnic in prospect, 
hopes that tomorrow may be fair! In between, the annals of virtually every people 
contain legends of floods and consequent devastation. Because of insufficient 
rainfall Moses, leading the Children of Israel back to the homeland, smites the 
rock, that they may drink; and the Arab sheik bespeaks the compassion of Allah 
in the matter of the failing desert spring. 

The crude methods of conserving water for domestic and agricultural use 
employed by present-day Pueblo Indians of the arid Southwestern United States 
are a matter of common knowledge. Natural springs and water holes are seasonal 
sources; rivers which carry wat^ through the year serve those living adjacent 
thereto; but by far the greater number of inhabitants must conserve rainfaJl and 
storm water from the mountains and the high mesas in natural depressions, con¬ 
verted into reservoirs by means of dams and other artificial modifications. While 
in some instances ditches lead from these to nearby fields and gardens, the Indian 
women usually must carry water in jars for hand-irrigation of their meager crops. 
Archaeological investigation has shown that, with few exceptions, surprisingly 
V similar methods were employed in prehistoric times in the same general area. 

This paper, however, is concerned with the historic .aspects of irrigation only 
as a frame or background for an even more romantic phenomenon—^prehistoric 
irrigation in the NeiW World I 

Although a matter of record, it is not generally known that in South-central 
Arisona, lo^ before the discovety of America, the native aborigines had perfected 
an impressive system of irrigation, which made possible the successful practice 
of agriculture over a period of several centuries. This sjrstem has been referred 
to as a "'millionHdollau- project, constructed with nothing more than rude stone 
hoes and wooden dig^ng stiicks/’ 

^Address of the retiring President of the Ohio Academy of Science, delivered at the annual 
meeting of the Academy held in Columbus, Ohic^ May 5, 1944. 
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Residents of Ohio and adjacent parts of the Middle West, where the civilization 
of the so-called Mound Builders has been made known through exploration of 
their ancient tumuli, may not find this so incredible; but to many persons, accus¬ 
tomed to think of all prehistoric peoples as mere savages, the phenomenon is certain 
to be something of a surprise. 

A glance at the map of the southwestern United States will serve to set the stage 
for the human drama which now unfolds itself. It will be noted that the state 
of Arizona, youngest of the American commonwealths, is bounded on the north 
by Utah and Colorado; to the east is New Mexico, and to the south is old Mexico. 
The great Colorado river, beyond which is California, forms Arizona’s western 
boundary 

Traversing the state from northwest to southeast are southern extensions of 
the Rockies, and the high plateau, where today live the Pueblo Indians and where 
in ancient times lived their predecessors, the prehistoric Pueblos and the so-called 
Basket Makers. To the west and south of the mountains is the Arizona desert 
region of scant rainfall, where, because of its much lower altitude, relatively high 
temperatures prevail. 

In south central Arizona is the city of Phoenix, capital and metropolis of the 
state. From the mountains and high plateau toward the east come two rivers- “ ' 
the Salt from the northeast and the Gila from the southeast. They convei^e 
just west of Phoenix and find their way, as the Gila river, to the Colorado and the 
Gulf of California. 

The State of Ohio sometimes is referred to as the land of the Mound Builders; 
the valleys of the Salt and the Gila, particularly the region of which Phoenix is 
the hub, may with equal justification, be referred to as the land of the Canal 
Builders! Here we have the double phenomenon of an area of considerable extent, 
by nature arid and uninviting which, for several centuries in prehistoric times, 
was made to blossom as the rose**, which then reverted to its natural aridity; 
and now, once again, has become one of the more fertile and productive regions of 
the continent! 

The visitor to Phoenix need walk but a short distance outside the city limits 
to come upon one or more ancient irrigation canals. Accompanied by a guide 
familiar with the terrain, he will be able to trace a number of others, and will 
learn that prior to their partial obliteration by present-day agriculture, some 125 
miles of main irrigation canals were existent in the Salt river valley and perhaps 
half that mileage in the valley of the Gila. Many of these measure as much as 30 
feet between their crowns and reach depths of ten feet or more. Even at this late 
date some of these may be traced for as far as ten miles. 

The canal system in the Salt river valley consisted of several independent units, 
or main canals, each with many branch canals and ditches. Intakes of the main 
canals were far enough up-stream to provide suflScient ‘Tali'* for successfully 
irrigating their respective areas. The lateral branches, most of which long ago 
were obliterated through erosion and silting, must have aggregated hundreds 
of miles. 

An aerial survey of the valleys of the Salt and the Gila was effected in 1930 
through the cooperation of the Smithsonian Institution, the United States Army, 
and certain authorities in Arizona. This aerial reconnaisance, during which the 
region was accurately photographed and mapped, was followed by a ground 
survey under the direction of Phoenix city archaeologist, O. S, Halseth. As a 
result of this dual survey, what admittedly is the only true irrigation culture in 
prehistoric America has become a matter of record. 

This brief outline of prehistoric irrigation and agriculture in Arizona should 
elicit a desire on the part of the listener to learn something of the people responsible 
for their development. Who were the ancient Canal Builders? Spanish paesdr 
and adventurers from old Mexico, who came into the region toward the close of 
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the Seventeenth Century, perhaps were the first white men to ask this question. 
Naturally, they sought the answer from the native Indians, the Pimas, resident 
in the district, and received the reply, “Ho-ho-kaml” meaning nothing more nor 
less than “those who have vanished." The canals and the adjacent ruins already 
were abandoned and ancient as far back as Pima tradition carried. 

Thanks to archaeological researches sponsored by the University of Arizona; 
the City of Phoenix; Gila Pueblo of Globe, Arizona; the Bureau of American 
Ethnology and other agencies, the erstwhile forgotten annals of the Canal Builders 
in great part have been recovered and recorded. This is particularly true of the 
material aspects of their culture. 

As indicated by their numerous irrigation canals, the Hohokam peoples were 
agriculturists. In and adjacent to the Salt river valley there are the ruins of some 



2. Typical landscape of unitrigated section of Salt River Valley, 

20 ancient farming communities, each with its central communal adobe structure, 
with perhaps half that number in the valley of the Gila. The most impressive of 
these ruins in the Gila drainage is the noted Casa Grande, now preserved as a 
national monument. 

Outstanding in the Salt river valley is Pueblo Grande, a part of the park system 
of the city of Phoenix, located just east of^the city limits. Here the enterprising 
capital city of Arizona has erected an Anthropological Laboratory in which is 
housed a museum of the Hohokam culture, workrooms and laboratories, accom¬ 
modations for visiting anthropologists and students, and living quarters for the 
Director of the Laboratory, who also has the title of City Archaeologist. During 
the months of February and March, 1944, your speaker had the ple^ure of being 
a guest at the Laboratory, with unusual opportunity for studying the Hohokam 
culture at first hand. 

A brief description of Pueblo Grande ruin and its adjacent farming community 
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will serve as an index to the culture as a whole, which is quite homogeneous through¬ 
out the area of its occurrence. 

The ruin of the Pueblo Grande community structure, adjacent to the Lab¬ 
oratory, is a more or less rectangular truncated mound of earth* and stone, some 
150 feet in width and 300 feet in length with an approximate height of 30 feet. 
It has b^n partially.excavated by Director Halsetli and his associates and students, 
and proved to consist of a large number of rooms or compartments of varying 
sizes. The walls and partitions are constructed of flat stones and boulders imbedded 
in adobe clay, with roofs of logs, poles, brush and adobe. Enclosing the structure, 
and built from similar materials, was a high wall. Entrance to the resulting com¬ 
pound presumably was by means of ladders. The structure and its compound 
served the community as a granary and storehouse for their com, beans, squash 
and other products and possessions, and as a safe retreat from marauding tribes¬ 
men from outside their borders. The great size of the stmcture and its many 
rooms are accounted for by the fact that adobe constmction was at best only 
temporary or semi-permanent, and required frequent repairs, abandonment of 
certain parts, and the building of new units. 

Outside the comjxiund and adjacent thereto were the cultivated fields, com¬ 
prising many acres. Here too the people lived, their domiciles being merely 
cmde shelters of poles and bmsh, their floors somewhat below the surface of the 
ground—a type of domicile known to archaeologists as “pit houses.” 

It would be unfair to judge the culture of the Hohokam peoples solely by their 
unassuming dwellings, for it should be remembered that in the mUd climate of 
their countiy they could be, and were, people of the great outdoors. Their amazing 
system of irrigation canals and the resulting agricultural development, together 
with their pretentious conununal centers and their ceremonial ball courts, are 
sufficient to place them on an advanced plane of culture; nor should one overlook 
their admirable development of the minor domestic arts. While little of a perish¬ 
able nature has surviv^ the destruction wrought by time and the elements, their 
utilization of clay, stone, shell and other time-resisting materials, is in keeping 
with their major accomplidiments. The potteryware of the Hohokam, particu¬ 
larly, is exceptional and many flne examples of pots, jars, vases and bowli, of 
pleasing form and decoration, have been recovered. ]^ually impressive, if not as 
artistic, are the numerous metates and manos, for grinding com and other grains 
and seeds, while their stone axes are among the finest known. Beads, pendants, 
bracelets and necklaces of shell and other materials are much in evidence, and 
turquoise occurs sparingly. Chipped flint projectile points and knives, while 
often of good worlmanwip, are much less abundant tium in the Middle West, 
obviously for the reason that the Hohokam were mainly agricultural and only 
moderately dependent on wild game for food. Tobacco pipes are of very infre¬ 
quent occurrence, as contrasted with Ohio, where large numbers are found in the 
ancient mounds and burial sites. Tobacco doubtless was ordinarily smoked as 
cigarettes. 

While archaeologists specialieii^ in the culture are virtually agreed that the 
Hohokam came into the Salt and valleys at or slightly before the bennning 
of the Christian era, there is no definite evidence as to their origin. Tnere it 
some evidence of affinity with the lesser-known Mogollon and Co^se cultures 
to the south, and of contact with the Pueblo peoples to the north, but the full 
significance of these remains undetermined. 

Fortunately, however, the approximate period of their occupancy and the 
probable time and cause of their disappearmice from their homeland in Arizona 
now are known. The techniques employed in discovering and recordUng a major 
part of the story of the Hohokam peoples, after- the lapse of centuries, not only 
is a romance in itself, but is an example of the efficiency of the methods of arch- 
aeol<^y as well. Here, briefly, is the story. 



No. 6 


PREHISTORIC IRRIGATION PROJECT 


209 


' Earlier in this paper it was stated that the Hahokam are believed to have come 
into south central Arizona around the beginning of the Christian era. At this 
pdin^ it may be stated that they disappear from the region around 1400 A. D., 
teorn^ three centuries prior to the arrival upon the scene of Spanish explorers and 
adi^fenturers from old Mexico. For the evidence on which this chronology is 











View of mountains from Apache Trail, east of Phoenix. Upper cotirse of Salt RWer, source 
' irrigatkm water, seen through the gap. 



210 


HENRY C. SHBTRONE 


Vol. XLIV 


based, we must turn momentarily to another region and another people—the 
Pueblo nations of the high plateau and canyons. 

Here in a region of evergreen forests, the ancient ruins of the Pueblo peoples 
actually have bwn “dated” by means of tree ring counts, a techmque developed 
by Dr. A. E. Douglass of the University of Arizona. Details of this immeasurably 
important development cannot be given in the limited space of this paper. It 
is one of the romances of American science. (See bibliography.) Suffice it to 
say that most of the major ruins and scores of minor ones in the Southwest now 
have been dated by this method, and that the chronology of the region has been 
carried back to the First Century A. D. 



4. Section of a prehistoric irrigation canal, just east of Phoenix. 

As a result of the tree ring method of dating, those ruins in forested areas 
adjacent to the Hohokam country show significant changes through the centuries 
in types and decorations of pottery-ware and in virtuaUy every aspect of thdr 
material culture; and since there was more or less of trade and barter as betweett 
the two areas, the finding in a Hohokam site of a Pud^lo pottery vessel of, let us 
say, the period of KXX) A. D., is suggestive to say the least. Multiply such indi¬ 
vidual instances by any reasonable number, and at least a near-contemporaneity 
is the result. Although the Hohokam country is virtually huMng in large trees, 
through such analogy and comparison its ruins are dated. 

Finally, when all evidence of Hohokam activity ceases, and no further objects 
known to pertain to other cultures appear in their ruins, it is logical to assume 
that their career as a people was ended. Such conditions are found to obtain not 
much later than 1400 A. D. 

The dirappearance of so advanced a people from a region which they had 
converted into an admirable place of residence was due to two major causes. One 
of these is disclosed in a brief consideration of the present-day situation. 
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In the 1870*s Mormon settlers appeared in the Salt river valley and began 
clearing out ancient irrigation canals and cpnstmcting others. In the ensuing years 
this initial enterprise has grown by leaps and bounds, with some 400 square miles 
of terrain, requiring annually 1,000,000 acre-feet of irrigation water, now under 
cultivation. Thus the land of the ancient Canal Builders once more has come 
into its own, and the Salt river valley—the Valley of the Sun—with its great citrus 
groves, date orchards, farms which produce as many as three crops annually, and 
sub-tropical plants and flowers growing in great profusion, is indeed an oasis in 
the desert. 

In view of the fact that this transformation is due entirely to irrigation, it may 
appear contradictory to suggest that irrigation was the principal cause of the 


6. Small section of Casa Grande ruins, ptirtly explored. 

downfall of the Hohokam peoples. The Salt river valley is underlaid with a 
“volcanic pocket" of clay or marl which is virtually impervious to water. Accx)rd- 
ing to eatimates of the Salt River Waters Users Association, one-fifth of the total 
irrigation water enters the ground as seepage, and builds up the water table at 
the rate of from tlraiBe to five inches each year. During the period from 1870 to 
1920, when inigation was much less intensive, one-third of the area under irrigation 
was rendered unfit for cultivation as a result of accttmulated seepage and attendant 
alkalinity. Under present-day intensive irrigation, the entire area, within a 
comparatively short time, would be little short of an alkaline bog. This threat 
now is averts by periodic flooding to eliminate alkali and by using a battery of 
electric pumps for the purpose of removing surplus Watei^-some :i00,000 acre 
. feet i^nnually. 

The ancients had no drainage facilities, pumps or otherwise. The result was 
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inevitable; surplus water and alkalinity, water-logged soil, and dwindling pro¬ 
ductivity. This is evidenced by the fact that exploration of the Pueblo Grande 
ruin demonstrated that the floors of granaries and store-rooms had repeatedly 
been elevated in an effort to keep them above the water-logged surface of the 
ground. 

An additional situation, which may have been the coup de ^race of Hohokam 
survival, was the constant threat from marauding nomadic tribesmen from the 
plateau areas. It is known that from early historic times the agricultural peoples 
of the valleys were frequently raided by the Navajo, the Apache and other 
predators who made bold to reap where they had not sown, and there can be but 
little doubt that the peaceful Hohokam peoples, throughout their sojourn in their 
chosen country, were forced to contend with similar hostile incursions. Faced 
by such handicap, and seeing their once fertile acres gradually transformed into 
water-logged and alkaline wastes, it was inevitable that their numbers must decline 
to the point where a few hungry stragglers either found refuge with other tribes 
or pass^ entirely from the picture. 

Today there remain only the old canals and the ruins of once impressive 
communal structures—mute evidences of a people who had carried the human 
experiment, through trial and error, to a level which must command the admiration 
of all discerning men; a people who* but for a natural calamity with which they 
could note cope, and because of the rapacity of unscrupulous and hostile neighbors, 
might have borne the torch of civilization to undreamed-of heights The con¬ 
struction of a million dollar irrigation system, representing a high degree of engineer¬ 
ing skill, attests to their energy, strength, courage and initiative. 

Our culture of today is complex, while theirs was simple; but w^o would venture 
to say that ours is "higher^* or better? We, as were they, are still beset with the 
threat of natural calainity, and by ‘‘man’s inhumanity to man.” The first of 
these is nothing as compared to the latter, which now has precipitated all mankind 
into a holocaust such as the world never has known, the aftermath of which con¬ 
ceivably might be more disastrous than the titanic struggle itself. 

The only criterion which justifies an assumption that one culture is higher or 
better than another, is proof that it provides a larger measure of cooperation, 
usefulness, spirituality, morality—and human happiness! 
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THE RESEARCH FUND OF THE OHIO ACADEMY 

OF SCIENCE 

HERBERT OSBORN 
The Ohio State University 
Columbus, Ohio 

The special research fund of the Academy was inaugurated by an initial dona¬ 
tion from Mr. Emerson McMillin at the Academy meeting of 1898 and his 
contributions were continued until his death in 1922, at which time there had 
been accumulated under the careful management of Dr. Mendenhall a balance 
of over $1,300 00 which was invested and the income from which has in part been 
used in grants during the later years. 

A record of the grants made during the passing years, now nearly a half century, 
would seem to be a worth-while effort and since the writer has had some con¬ 
nection with the use of the fund during many of these years, it seems appropriate 
to undertake the task, especially as it was his privilege to collect some data in 
this connection at the time of the celebration of the half century of Academy history. 

That a small grant such as was possible with the initial $250.00 can be made 
to secure large results is, 1 think, demonstrated by the record and it may he said 
that these ^ants have had the effect of not only furnishing the needed assistance 
in the provisions for travel expenses or the apparatus for various investigations, 
but have been a very effective stimulus toward the undertaking of research prob¬ 
lems which might otherwise have been neglected. Certainly in many cases the 
grants have been the means of providing opportunity to teachers or students who 
could afford the time but lacked certain facilities to pursue investigations for which 
they were well qualified but lacked the means to nnance them from their individual 
resources. That the fund has had the effect of encouraging research work on the 
part of some who would not have been attracted to it is, I think, also evident. 

In this summary review of the projects assisted by the fund it may be of interest 
to note that the very first grant, which was to Prof. W. G. Tight, of Denison 
University; J A. Bownocker, of Ohio State University, and Dr. J. H. Todd, of 
Wooster, was for a distinctly Ohio prcJblem, the Preglacial Drainage of Ohio, and 
quite naturally the great majority of the projects assisted have been of a state 
character relating largely to the geology and biology, utilizing local talent for the 
study of local problems which often have world-wide significance. 

For the Fifty Year Celebration the writer brought together a preliminary list 
of the grants, the persons receiving them and subjects of the investigations which 
were submitted to the committee on history, but naturally with the large amount 
of material accumulated for that event there could be little place for this record 
and no extended publication of the data has been given aside from the list of 
**Grants from the Research Fund,” appearing in an article by historian W. H. 
Alexander, Ohio Journal of Science, Vol. 41, p. 304. That list is lacking in some 
details an^ might be misunderstood since grants listed as allotted were in some 
cases not used and in others the project delayed and the actual payment made in a 
subsequent year. Also no recond is made of the subjects of the various projects 
which might be of interest to those who oare to look into the distribution of the 
fund. The amounts noted in that list give substantially the distributions made 
from the McMillin donations and need not be rep^t^. They amounted to 
over $6,000,00 in all and may be treated separately from the grants allotted by the 
A. A. A. S. in recent years and considered in a separate paragraph. Also as noted 
in a quotation from the by-laws, certain items such as life memberdiip, donations 
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and sale of publications are to be placed in the research fund and income only used 
for grants in aid of research. (See paragraphs from by-laws below.) See also 
Report of Trustees, April 30, 1932, in Proc. Ohio Acad. Sci., Ohio J, Set., 32; 280-1. 
A. A. A. S., 1930 

The first Board, 1898, consisted of F. M. Webster, W R. Lazenhy, E. L. Moseley, vide^ 
p, 13, 7th Annual Report. 

Grants as made by years were as follows: 

1899. The first grants made from this fund in 1899 went to W. G. Tight, Preglacial Drain¬ 
age of Muskingum Valley: J. A. Bownocker, Preglacial Drainage of Miami Valley; J. H. Todd, 
Preglacial Drainage in Wayne County; R. C. Osbum, Fishes of Northern and Southern Ohio, 
with later allotment for printing the Preglacial papers. 

1900. To Gerard Fowke, Preglacial Drainage, Cincinnati; R. C. Osbum, for continuance 
of Fishes of Ohio; T. A. Bonser, Flora of Big Spring Prairte; Prof. J. S. Hine, Insects of Certain 
Parts of Ohio. 

1902. J. S. Hine, Tabanidae of Ohio, two grants, published in Special Papers No. 5, Lynds 
Jones, "Birds of Ohio," two grants, published as Special Paper No. 6. F. L. Landacre was 
given two grants for studies on Protozoa, later published as Special Paper No. 13. Max Morse, 
grant for study of Batrachians and Reptiles of Ohio, and expense of publication, Special Paper 
No. 9. J. H. Schaffner, Ecological Study of Brush Lake, Special Paper No. 10. 

1903. T. A. Bonser, Flora of Big Spring Prairie, published as Special Paper No. 7, 
"Ecological Study of Big Spring Prairte." 

1904. F. L. Landacre, Studies on Protozoa, two grants Max Morse, Reptiles of Ohio, 
Special Paper No. 9. J. G. Sanders, Coccidae of Ohio, published as Special Paper No. 8. 
Several small grants for Ecological Study of Brush Lake by J H. Schaffner. 

1905. R. F. Griggs, "Willows of Ohio, Special Papers No, 11. Herbert Osborn, two 
grants for "Study of Insects of Ohio," fniblished in articles appearing in 8th Annual Report, 
OA»V> Naturalist and Bulletins of Ohio Biological Survey. 

1906. W. B. Herms, Relations of Insects to Organic Debris on Lake Beaches. J. E. 
Hyde, Upper Waverly Formation in Central Ohio. F. Carney, Local Glacial Geology Near 
Granville. Chas Brookover, Fiber Tracts and Neurones of Amia calva. Victor Sterki, Land 
and Fresh Water Mollusca, Special Paper No. 12, 

1907. W. C. Morse, for "Studies on Maxville Limestone," published as Special Paper 
No. 17, Fauna of the Maxville Limestone, 

1906. A. Dachnowski, Peat Bogs in Ohio. H. S. Hammond, Moases and Liverworts 
in Ohio. S- Morgulis, "Regeneration m Plants.” L. B. Walton, "Naididae of Ohio." Freda 
M. Bachman, Special Papers No. 14, "Discomycetes in the Vicinity of Oxford," "published 
by the McMillin Fund." G. E. Goghill, "Breeding Opossum m Pens under Controls to Secure 
Embryos," published in Ohio Journal of Sciencct Vol. 39, pp. 239-249, 

1^. J, H. Schaffner, "Trees of Ohio and Surrounding Territory," published as Special 
Papers No. 16. Walton, "Fresh Water Oligochaetes of Ohio," and Freda Detmers, "On the 
Genus Carex." A. Dachnowski, "Peat Bogs of Ohio." G. E. Coghill. “Opossum," and R. J. 
Sim, "Nesting of Birds in Northeastern Ohio," 

1910. J. H. Schaffner, "Pteridophytes of Ohio," for publication, Special Papers No. 16. 

1911. W. C. Morse, "Fauna ci Maxville Limestone," Special Paper No. 17. W. M. 
Barrows; A. Dachnowski, "Peat Bogs of Ohio," published in Bulletin 16, Ohio Geolc^ical 
Survey as "Peat Deposits of Ohio," also in Bot. Gaselie. 

1912. W. G. Stover, "The Agaricaccae of Ohio," Special Paper No. 18. "Ecological 
Study of Buckeye Lake," by Freda Detmers, Special Papers No. 19. L. B. Walton, "Frash 
Water Oligochaetes," J. S, Hine, "Mammals." A. Dachnowski, "Peat Bogs of Ohio" (see 
above). W. J. Kostir. "Orthoptera of Ohio." 

1916. R. F. Griggs, Plant Ecology in Ohio. L. B, Walton, Fresh Water Organisms. 
W. H. Bucher, Related Localities of Wavy Sedimentary Strata. J. S. Hine, Collecting Insects 
in Northeastern Ohio. S. R, Williams, Richmond Deposit in Butler County. 
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1916. Williams and Shideler, ‘‘Richmond Division of Ordovician.” L. S. Hopkins; 
B. W. Wells, Zoocecidia on Ctliis occidentalis, F. L. Landacre, for set of eggs of Marine 
lamprey Petromyzon to study origin of cerebral ganglion. 

1917. Forrest B. H. Brown, Determining main forest types in Ohio. S. R. Williams, 
Geology in Southwestern Ohio. W. M. Barrows, Effect of radium on germ plasm. 

1918. G. D, Hubbard, Geography of Columbus region. E. L. Rice, Chondrocranium 
of Eumeces. L. B. Walton, aquatic organisms. E. N, Transeau; H. W. Lutz, “Root Rots 
of Apples.” 

1919. J. S. Hine, Ohio Mammals; see Proc. Ohio Acad. Sci., Vol. 8, Part 6, 1929. W. H. 
Bucher, Geology of Adams County. L. C. Hopkins, Collection of Pteridophytes. 

1920. F. C. Blake, two grants for purchase of apparatus. Paul B. Sears, Ohio Vegetation. 
W, H. Bucher; L. B. Walton, Fresh Water Organisms. Elsie Jordan, continued in ’21. 

1921. Elsie Jordan, “Relabeling Harper Collection of Naiades” under Dr. Bucher. L. B. 
Walton, study of “Fresh Water Organisms,” published as Ohio Biological Survey Bulletin 
No. 24, “Fresh Water Organisms in Water Supplies.” 

1922. Paul B. Sears, “Vegetation of Ohio ” J S. Hme, “Mammals of Ohio.” 

1923. L. B. Walton, Aquatic Organisms. F. H, Herrick, Eagle Nests al Vermillion, 
Ohio. L H. Tiffany, collecting algae in Ohio. J. E. Kindred, aquatic studies in Puget Sound. 
E. L Stover, underground parts of grasses R. A. Dobbins, mosaic diseases of tomatoes. 
S. S Humphrey, root and stem rots of clover. 

1926. W. M. Barrows, for “publication of paper on structures of spiders,” 

1928. Bernard S. Meyer, “Study of Seasonal Variation in I.-eaves.” 

1934, W, L. Evans for Chemistry Dept., O. S U , for apparatus. 

1935, R» B. Frost, Lorain Urban Survey 

1936, J. P. Porter, Studies on Behavior of Spiders. 

1937 D. C. Rife, Genetic Studies of Monozygotic Twins and other Multiple Births. 
Wayne M. Felts, On Acid Intrusive in Cascade Mountains of S. W. Washington R. A Dobbins, 
Vegetation of the Northern Virginia Military Lands of Ohio. 

1938. G. D Hubbard, “Abandoned Glacial Lakes in N Ohio” F H, V’erhoek, Apparatus 
for Studies of Solvents 

1939. Grant to Dr E. Lucy Braun, University di Cincinnati, for her research upon the 
Deciduous Forest Formation of Easteni United States. Largely spent in travel expenses. 
Grant to Bertil G. Anderson, Western Reserve University, Cleveland, Ohio, for construction 
of constant temperature chamber for various experiments, as for instance, duration of the 
embryonic [x^riod, duration of the ms tars, etc. Grant to Dr C. A. Lawson, Wittent>erg College, 
Springfield, Ohio, for research defined as “An attempt to determine mechanism of gene action 
in embryonic development, using the Aphtd M<icrosiphum solantfohi ” 

1940. Dr. John W. Frink, 424 Riddle Road, Cincinnati, Ohio, for research on the “Terraces 
of the Ohio River." Grant to Prof. Archie N. Solberg, Biological Laboratory, University of 
Toledo, Toledo, Ohio, of $50.00 for the making of slides for special work in his research, 
embryology of PimdtUus heterochtus, 

1941. J, N. Wolfe, R. T. Wareham and H. T. Scofield, in 1941, with an additional grant 
later in 1941, for research defined as “Investigation of plant communities and measurement erf 
microclimatic and edaphic conditions in a single valley in Hocking County, Ohio.” The 
money was used for traveling expenses, photographic supplies and materials and tools for the 
construction of minor equipment. Drs. Wolfe, Wareham and Scofield are instructors in the 
Department of Botany, O. S, U, Continued in 1942 and 1943 

1942. Continued grant to Drs. Wolfe, Wareham and Scofield from A. A. A. S, 

1943. B. S. Meyer, Mineral Nutrition of Russian Dandelion. Carl Venard, Mosquitoes 
of Ohio. Continuation of grant to Drs. Wolfe, Wareham and Scofield. 

1944. Continuation of grants to B. S. Meyer and Carl Venard from A. A. A. S. Miss 
Alta Schrock, Oberlin, Pollen Content of Peat Bogs. Mr. Albert E. Hyder, Ecology of Bird 
Population in Hocking County. Dr. H. T. Gier, Athens, Reproductive cycles in foxes in 
southeastern Ohio. 



216 


HERBERT OSBORN 


Vol. XLIV 


The fund was designated as the Kmerson McMillin Research Fund in earlier Feports» and 
may have had an official designation later» but I have not located the record. 

No payments on grants were made for the year 1914, 1924, 1925, 1927, 1929, 1930, 1931, 
and 1933. In some cases at least grants were made but the projects were not completed and 
the grants lapsed or were continued and paid in later years. 

An allowance from the A. A. A, S. based on-the members of the Academy who 
are also members of the A. A. A. S. has been received since 1930, and since 1937 
this allowance has been allotted for research projects approved by the Trustees of 
the Research Fund, the A. A. A. S. specifying that such projects be approved also 
by their permanent secretary and the amounts expended within the year. 

Projects which have been assisted from this source have been as follows. The subjects 
are listed above. 

1937. Dr, D. C. Rife, Wayne M, Felts, R. A. Dobbins. 

1938. Dr. G. D. Hubbard, Frank Verhoek. 

1939. Dr. E. Lucy Braun. 

1940. John W. Frink, Archie A. Solberg. 

1941. Drs. J. N, Wolfe, H. T. Scofield, R. T. Wareham. 

1942. Drs, Wolfe, Scofield and Wareham. 

1943. Drs. Wolfe, Scofield and Wareham. Dr. B. S. Meyer. Dr. Carl Wnard. 

REGULATIONS FOR THE USE OF THE McMILLIN RESEARCH FUND 

The McMillin Research Fund of the Ohio Academy of Science has been maintained through 
the generosity of Emerson McMillin and grants from this fund are made upon application to the 
Trustees of the Fund. 

Applications for grants should include a statement of the subject to be investigated, the 
nature of the expenses to be covered, and in so far as practicable a list of the proposed items 
of expense in such a manner that the Trustees may determine the expenses and the allowance 
needed. 

In rendering accounts it is desirable that an itemised statement be submitted showing 
the cost of apparatus or supplies used or, in case of traveling expenses, the localities visited, 
amounts of railroad fare, hotel and other expenses as incurred. Payments granted from this 
fund will, as a rule, be made only after the expenses have been inctirred and upon receipt of 
detailed statement. 

Apparatus, books, maps or material supplies not consumed during these investigations 
which may be secured with grants from this fund are to be the property of the Academy and 
after the mvestigation is completed should be accounted for to the Trustees or deposited with 
such officer of the Academy as the Trustees may direct. 

It is expected that the results of such investigations will be published and if other means 
of publication are not available, the Trustees will try to assist in securing suitable publication. 

.. Chairman. 

The above is a statement of form for application, not followed rigidly. It was prepared I 
think by Dr. Mendenhall and was formally adopted by the Academy at the 28th Annual 
Meeting, May 30, 1918. 

From Dr. Mendenhall's paper on McMillin read at the Ohio Academy meeting at Oberlin, 
March 31, 1923, he quotes McMillin; 

"The research fund seems to have been pretty lively and doing work out of proportion 
to its size. The workers rather than the cash, probably are entitled to the credit." 

Again: "The Academy needs to live centuries. I cannot, at most, live but a few years, 
much as 1 would like to be permanently established at Darlington.” 

From "Report of the Trustees of the Research Fund," Columbus, Ohio, April 1, 1925; 

"We recommend that the income from 91,000,00 of the Research Fund be available each 
year for a grant to be known as the McMillin grant and which may be used either for the 
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assistance in some research problem or given as an award in recognition of some especially 
noteworthy contribution of some member of the Academy. That the balance of the Fund 
and income derived from it, shall be used or allowed to accumulate as the trustees may deem 
best in any particular year, it being understood that the Fund or any interest income shall 
in all cases be used for the encouragement of research either by grants for individual problems 
or for the publication of papers resulting from research.*' 

From the By-Laws adopted at the Thirty-fifth Annual Meeting: 

‘'Chaitee VII-“Research Fund 

**1. Sources of Fund ,—The Research Fund shall consist of moneys paid by the general 
public for publications of the Academy, of donations made in the aid of research, and of sums 
paid in commutation of dues according to By-Laws, Chapter I, Paragraph 1. 

'*2. Donors .—Donors to this fund, to the sum of twenty-five dollars or more, shall be 
entitled without charge, to publications subsequently appearing. 

"3. Endowment .—^The aim of the Academy shall be to accumulate a fund of which the 
income alone shall be used for the encouragement of research and for the publication of papers 
bearing upon the development of science in the state." 


TRUSTEES OF RESEARCH FUND AND DATES OF SERVICE 


E. L. Moseley. 18dd-1900 

F. M. Webster 189^1904 


(Chuinnan 1900-1901) 

H. C. Beardslee. 1900-1902 

C. J. Herrick.. . ,1904^1906 

J. H, Schaffner 1900-1906 

W. R Lazenby 1899 and 1901-1916 

(Chairman 1901-1916) 


G. B. Halsted.. . . 
Chas. Dury.. 

E. L, Rice. 

Frank Camev- 

M. M, MeU'alf. 

N. M. Fenneman 


1905-1908 

1907-1908 

190^-1914 

1910-1913 

1913-1917 

1914r-1917 


T. C. Mendenhall ... . 1916-1924 

(Chairman 1916-1924) 

Herbert Osborn . .1917-date 

(Chairman 1925- ) 

M. E. Stickney. 1917-1919 

G. D. Hubbard . 1919-1931, and 1934-1937 


E. L. Rice. 1924-1930 

L. B. Walton 1930-1933 

Alpheus Smith . , 1934-1936 

W. L. Evans. , , 1937-1939 

J. P. Porter.. 1937-1940 

C. G. Shatzer , . . 1939-1942 

Paul B, Sears . 1941-1944 

F. C. Blake.. 1942-1945 


The Trustees named at the annual meeting, 1898, for the succeeding year were E. L. 
Moseley, P. M. Webster and W. R. Lazenby and were for one year. In 1899 members were 
named for one, two, and three years and F. M. Webster became chairman. He was chairman 
until 1901; W. R. Lazenby, 1901 1915; T. C. Mendenhall, 1916-1924; Herbert Osborn, 1926- . 


The following papers published as special papers received assistance from the 
Research Fund. Special papers from three to nineteen were assisted by grants 
from Research Fund. 

The Preglacial Drainage of Ohio—W. G. Tight, J. A. Bownocker, J. H. Todd and Gerard 
Fowke. 

The Fishes of Ohio—Raymond Osbum. 

^.Tabanidae of Ohio—^James S. Hine. 

Birds of Ohio—Lynds Jones. 

Ecological Study of Big Spring Prairie—Thomas A. Bonser. 

The Coccidae of Ohio-^Jomes G. Sanders. 

Batrachians and Reptiles of Ohio—Max Morse. 

Ecological Study of Brush Lake—J, H. Schaffner, Otto E Jennings, Fred J. Tyler. 

The Willows of Ohio—Robert F. Griggs. 

Land and Fresh-Water Mollusca of Ohio—V. St^rki. 

The Protozoa of Sandusky Bay and Vicinity—F, L. Landaore. 

Discomyoetes in the Vicinity of Oxford—Freda M, Bachman. 

Trees of Ohio and Surrounding Territory—John H, Schaffner, 

The Ptcridophytes of Ohio^John H. Schaffner. 
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The Fauna of the Maxville Limestone—W. C. Morse. 

The Agaricaceae of Ohio—W. G. Stover. 

An Ecological Study of Buckeye Lake—Frederica Detmers. 

The series of Special Papers was discontinued in 1929, but results of researches 
under these grants have appeared in the Ohio Journal of Science, The Ohio Bio¬ 
logical Survey and in various other scientific journals. 

I am indebted to Mrs. Ethel Melsheimer Miller for assistance in determining 
the subjects of researches for a number of the earlier projects. 

If details were available an interesting story could be written about the grants 
that were made but for which no payments were made, due doubtless to the 
abandonment of the project or lack of reports. 


Evolution of Man 

This is the fifth title in a series of scientific books ^nsored by the American Museum of 
Natural History. Professor Howdls has done a magnificent job ot bringing to the layman a 
highly readable account of the history of mankind. His free and easy style, and the dramatic 
treatment of the subject matter combine to make this book fascinating in all its details as well 
as its being authoritative. 

There are twenty-five chapters which are organized into three parts. Part One leiids the 
reader through a short discussion of the principles of evolution. Application of these principles 
are then made to the evolution of the vertebrate groups which have served as amiestral to man. 
In the second part the author discusses fossil men and their probable relationship to Homo 
sapiens. Enough history about these finds and the men who made them is included to heighten 
interest in this section. Part Three deals with the nature and origin of races, their migrations 
and geographical distribution. In the last chapter the author depicts some of the j^bable 
trends m man’s evolution during the next one million years.— W, M, Tidd, 

Mankind So Far, by William Howells, xii and 319 pages. Thirty-seven line-cut and half¬ 
tone illustrations. Published by Doubleday, Doran and Company, Inc., Garden City, New 
York, 1944. $4.50. 


Ticks of North America 

This excellent monograph on argasid ticks contains the following sections: Introduction; 
Medical and Veterinary Importance of the Arg^idae; Explanation of Terms; Principal Char¬ 
acters of Argasidae; Methods; Family Argasidae; Genus Argas; Genus Otobius; Genus 
Omithodoros; Genus Antricola; Plates; Classified List of Hosts; Geographical Districutlon of 
Species; Bibliography; and Index. 

The morphology of each species is thoroughly described and illustrated for all stages that 
have been ret’ognizecl. The known distribution of each spmes is indicated by a map and informa¬ 
tion on hosts and biology is included in so far as it is available. The numerous illustrations are 
of high quality in that they are artistic in appearance and show diagnostic features. 

Twenty-nve species are recognized for the area covered and many people are already 
acquainted with some of them. Two bad pests are the blue bug of poultry in Florida, Texas and 
elsewhere, and the spinose ear tick of cattle in the West. Some species are vectors of disease 
and in this connection may be mentioned the relapsing fevers of the Western States and the 
experimental transmission of Rocky Mountain spotted lever. 

The authors have produced a treatise which can be used by amateurs as wdl as by seasoned 
entomologists and therefore it can be predicted that their book will be the stimulus for much 
research and especially faunistic studies. 

The American Midland Naturaliat Monograph No. 1. The Afgaaidae of NorOi America^ 
Central America, and Cuba, by R. A. Cooley and G. M. Kohls. 152 pages, 57 text figures, 
14 plates. The University Press, Notre Dame, Indiana, June, 1944. Price, 12,00. 
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ABSTRACT 

The origin of dolomite is a subject of much interest in Ohio as this state is underlain by great 
thiclcnesses of such rook, some ot high purity. Within the last few years over 335 detailed 
analyses have been made. These analyses have been reduced by calculation to their mineral 
components, which treatment throws much light on the nature of the rocks and reveals certain 
inferences concerning the origin of both dolomite and limestone. From these studies dolomite 
was deposited in sea water with normal salinity and limestone in that diluted by fresh water 
from the land areas. 
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INTRODUCTION 

The groundwork for the following paper is as follows ’ 

(a) The examination of a thick section of cartenatc rwks in Ohio, Cambrian 
to Permian time. 

(b) Much detailed work in identifying, sectioning and sampling the deposits. 

(c) Careful appraisal of mineral components of over 400 high-grade chemical 
analyses of dolomites and limestones throughout the section. 

(d) Use of some of the common chemical reactions involving carl>onates. 

(e) The aid of a few of the simple laws of thermo-chemistry. 

ff) The chemistry of fresh and salt water as defined by Clark. 

tg) The fact that the ocean is the only source for such a large supply of mag¬ 
nesium oxide, MgO, or rather atomic magnesium, Mg, in an active form as shown 
by Clark. 

Some of the generalizations considered are as follows; Dolomites are the normal 
and most abundant deposits of carbonate rocks laid down in the ocean throughout 
the geological ages. In the limestones this compound, CaMg (Cp 8 ) 2 , also bears a 
rather con^icuous part. Many dolomites approach chemical purity, that is, they 
contain no or little limestone. Conversely the limestones are alwa^ more or 
less dolomitic in character, A detailed physical and chemical study of such rocks 
in Ohio^ indicates that the dolomites are primary in origin, that is, they were 
deposited as found today. No alterations are apparent except very locally and 

»See Bull. 42, Geological Survey of Ohio, also records in files. 
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then the change is more physical than chemical. Dolomites originated through 
chemical activity in sea water of normal concentration, either in shallow or deep 
water but largely under the former condition. 

On the other hand, limestones, the less abundant carbonate rocks of the ocean, 
were deposited under marine conditions but where the normal salt solutions were 
somewhat diluted through the influx of fresh water from land sources, ^us lime¬ 
stones carrying a high content of calcium carbonate are usually in association with 
shale deposits, either above or below or within the formation. In general the 
shale materials originated on the land and were carried to the ocean by streams. 
The streams not only diluted the sea water but brought in large supplies of car¬ 
bonic acid, CO 2 or HaCOa and some soluble calcium bicarbonate salt, Ca(HCOs) 2 . 
In the great carbonate formations of the Mississippian, Devonian, Silurian, and 
Ordovician systems the limestone deposits are, with few exceptions, placed between 
shales. Further, the basal portion of such limestones, if thick, is much higher in 
dolomitic matter than the upper portion. In the Pennsylvanian and Permian 
systems in Ohio the carbonate strata of fresh water origin® and also those of marine 
derivation® are limestones with a low content of dolomites, CaMg(C08)3. The 
fresh water limestones occur under, and the marine limestones over the coal beds 
which are known to have been deposited on land through humid conditions. Clays, 
shales, and sandstones are found as associate deposits. Such limestones, in the 
coal formations, are usually thin but widely spread in distribution.^ 

CHEMICAL NATURE OF CARBONATES 

The carbonate rocks are built around the carbon atom, C, as the nucleus of 
the acid component. Through oxidation this carbon. C, changes to the oxide 
form, carbon monoxide, CO, or the dioxide, CO 2 . most commonly the latter. Then 
through hydration, or the addition of- water, carbon dioxide. CO 2 , produces the 
unstable acid, H 2 COa, and the acid salts of H 2 (HC 03 ) 2 , as Ca(HC 08 ) 2 , Fe(HC 08 ) 2 , 
Mg(HCOa) 2 . Mn(HC 03 ) 2 , all soluble substances and carried in fresh waters. The 
changes may be given as follows: 

C 

i 

C + 02 = C02 

i 

COj+HjO-HsCOa or H 2 (HC 08)2 

Carbon is one of the original elements and in some form is widely distributed 
in nature. In this discussion carbon dioxide, COa, is the compound of most interest. 
At present, and in the past, most of the carbon dioxide in the air and in solution in 
fresh or saline waters is derived directly or indirectly from the decay or from the 
exhalation of organic matter, animal or vegetable, on the land surface, in fresh 
water or in the ocean. Those of most concern are the parts held in solution in 
both the fresh waters of the land areas and in the saline waters of the sea. Thus 
all the streams are pouring continuous supplies of carbon dioxide in some form into 
the ocean and the sea with the changing of its myriad organic forms, through life 


•I'he fresh water limestones include the Salem, Lower Freeport, Upper Freeport, 
Mahoning, Bloomfield, Ewing, Elk Lick, Clarksburg, Summerfield, Pittsburgh, Redstone, 
FishTOt, Benwood, Amoldsburg, Uniontown, Waynesburg, Elm Grove, Lower Washington, 
Middle Washington, Upper Washington, Nineveh and Gilmore members. 

•The marine strata include Lowellville, Boggs, Lower Mercer. Upper Mercer, Putnam 
Hill, Zaleski, Vanport, Hamden, Brush Creek, Cambridge, Portersvifle, Ames, Gaysport 
and Skelley members. 

•For the relations of coal, clay, fresh water and marine limestones, see Bull. 26, Fourth 
Series, Geological Survey of Ohio, pages 533"668. 



No, 5 


DOLOMITES 


221 


and deaths generates large amounts for chemical activity. In such ways carbon 
dioxide has been produced in greater or lesser quantities throughout the geological 
ages since life began, even in its most simple forms. Hence organic life appears 
to supply the ne^ed quantity of carbon dioxide to complete the reactions for the 
precipitation of dolomites and limestones. 


SOURCE OF COMPONENTS 

The basic components, MgO or CaO or Mg and Ca, were supplied by the 
ocean with some augmentation from the land areas. Sea water even after the 
extraction of large quantities of magnesium for the formation of dolomites through¬ 
out the geological ages is still rich in that substance. According to Clarke® the 
salinity of the ocean varies from 3.301 to 3.737 per cent and the mean of seventy- 
seven analyses is as follows: 


Cl. 

Br., 

SO4* 

CO». 

Na, 

K 

Ca 

Mpr . 


55 292 
188 
7 692 
.207 
30 593 
1 106 
1 197 
3 725 


Total 100 000 

Thus the quantity of magnesium is over 3.11 times that of the calcium and the 
reacting value of the former is 6.13 times that of the latter. Hence in any reaction 
in normal sea water, involving precipitation, magnesium will be the dominating 
component and dolomite and not limestone will be the resulting product. 

Clarke states:® ‘‘In chemical character, fresh and salt waters are opposites, as 
a brief inspection of the data will show. In ocean water, Cl > SO4 > COa; in average 
river water, COa>S04>Cl. So also for the bases—in the first case, Na>Mg>Ca: 
in the other. Ca>Mg>Na—a complete reversal of the order.'* 

Commonly in nature the reaction that takes place in precipitation is the one 
involving the least exchange of heat or of energy used. The heats of formation 
of calcium carbonate and magnesium carbonate in the simple reactions, per unit 
of compound are as follows:^ 


Calcium carbonate, CaO ’COj.. ,. .451 calories 

Magnesium carbonate, MgO COj.. 349 calories 


Then under such conditions with a preponderance of magnesium in the ocean 
waters, with a higher reacting value for the element, magnesium, with less heat 
exchange, and with less solubility in the salt solution, the precipitated compound, 
thus leaving the field of chemical activity, should be dolomite and not limestone, 
Here magnesium oxide, MgO, is the dominating base in such a solution and when 
this is allowed to react with the carbonic acid, HaCHCOs)^ or the acid salt, 
Ca(HC 08 ) 2 > broup;ht in from the land surface, the resulting product is dolomite. 
In fresh water, limestone and not dolomite would be the favored precipitate as 
the acid HjCO® or Ha(SlC08)a is abundant and as the base CaO is much in excess 
of MgO. The resulting products are those of simple precipitation. 

In the waters from land areas both the acid and basic components are much 
different from those of marine waters and consequently the chemical activity of 
the former will be unlike in some respects from that of the latter. As an example 


*Clarkc, Frank Wigglcsworth, Data of Geochemistry, Bull. 3^), U. S. G. S., pages 94-96. 
•Clarke, Frank Wigglesworth, Data of Geochemistry, Bull. 3^), U. S. G. S,, page 107. 
^Richards. Joseph W., Metallurgical Calculations, Part 1, page 2020. 
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of surface water from the land areas that from the Mississippi River may be taken 
as representative.** 


CO, 

SO, 

Cl 

NO, 

Ca 


Mg.. 

Na 

K. . 

SiOn 

A1,0, 

FejO, 


U 74 
14 90 
6.23 
1 67 
20.42 
5.21 
4 92 
4 65 
6 77 
0 44 
015 


In this analysis of river water the Ca is 3.92 times the Mg which is far different 
from the proportions found in sea water. The content of COs is also high; 34.74 
for river water compared to 0.207 for sea water. Further it carries SiO*, AljOs and 
Fe 203 as soluble components. The direct comparison is as follows: 


River Water 

Sea Water 

CO, . , .34.74 

CO,. 0.207 

Ca. , 20.42 

Ca. .. 1.197 

Mg. , 5.21 

Mg . . . 3.725 

\ 

/ 

\ 

/' 

\ 

/ 


Acids, 


HCO, or 

H,(HCO,), 

/ 

\ 

/ 

\ 

/ 

\ 

Resui.tinci Product 

Resulting Product 

Ca(CaMg) (CO,)s 

CaMg(CO,), 

Limestone with variable 

Dolomite with little 

quantities of dolomite. 

no free limestone. 


In fresh water the resulting product is a limestone with an appreciable but 
variable quantity of dolomite. Thus the reaction is not complete, yielding pure 
CaCOs or CaCa(C08)z. However, in sea water, in the large majority of cases, the 
reaction reaches completion yielding CaMgCCOi)*, dolomite, with no free lime¬ 
stone and with the true chemical ratio. Under varying conditions mixtures of 
the two are common. 

If dolomite is secondary, that is, first deposited as a limestone then changed to 
dolomite, much additional work would be involved in the reaction. This requires 
the solution of the originally precipitated limestone before the exchange of Mg 
for Ca could take place. Also other reactions would be involved in the adjustment. 
Such work would be done in a salt solution in which the Mg much exceed the Ca 
and in which dolomite is evidently much less soluble than limestone as shown by 
the solution and disappearance of the shells of fossils in the dolomites, leaving only 
casts in the rock. The formation of dolomite in sea water is quite simple as **the 
monovalent ion HCOa' is formed by preference, and to this some of the char¬ 
acteristic properties of the carbonates are due/*® Some of these may be repre¬ 
sented as follows: HCOa', monovalent hydrocarbon ion; Ca(HC08)*, soluble 
calcium bicarbonate and CaMg(COa )2 dolomite. 


■Clarke, Frank Wigglesworth, The DaU of Geochemistry, Bull. 330, V. S. G. S., page 65. 
•Oswald, Wilholm, The Principals of Inorganic Chemistry, 1908, page 396. 
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DATA FROM OHIO 

Let us see how this works out in the carbonate rocks of the past geological 
ages. In Ohio about 335 detailed analyses have been made of the dolomites and 
limestones in the Permian, Pennsylvanian, Mississippian, Devonian, Silurian and 
Upper Ordovician systems.*® Further, some work but in less detail has been 
done on the rocks of the lower Ordovician and of the Cambrian systems. These 
analyses were computed to their mineral components, dolomite, CaMg(C 08 ) 2 ; 
limestone. CaCOa; and various other substances. These results are shown on 
page 224. 

FRESHWATER LIMESTONES OF PENNSYLVANIAN AND PERMIAN SYSTEMS 

In the coal formations, fresh water limestones make their appearance just 
under the Middle Kittanning coal of the AUeghenv series of the Pennsylvanian 
system. From this place to the Duquesne coal, about the middle of the Cone- 
maugh series, fresh water limestones are common below the coal beds and marine 
limestones above them. Above the Skelley limestone, or through the upper part 
of the Conemaugh series, through the Monongahela series of the Pennsylvanian 
s)rstem and then through the Washington and Greene series of the Permian system, 
all limestones present, and other strata also, are of fresh water origin. No marine 
influence is evident. Such strata are limestones in the sense that the dominating 
component in all cases is calcium carbonate, CaCO#. However, dolomite, 
CaMg(COj)a, is a constant component. In 18 analyses of five members, (Wash¬ 
ington, Benwood. Pishpot, Redstone, Summerfield), the most prominent and best 
developed, the variation is from 3.44 to 24.77 per cent dolomite and the average 
content 18.01 per cent. The limestone component, CaCOi, varies from 59.13 to 
88.63 per cent and the shale and other incidental components from 5.49 to 22.39 
per cent. Thus in the freshwater limestone formations the bases occur, as stated 
by Clarke, in the order CaO> MgO, followed by small amounts of KaO, FeO, NaaO. 
and MnO. The acid component, COa or HCO/. ^dominant, with small additions 
of Sa, SO 4 . and PaOi. In a way these formations may be considered types for strictly 
freshwater formations. 

MARINE LIMESTONES OF THE PENNSYLVANIAN SYSTEM 

In Ohio in the Pottsville, Allegheny and lower Conemaugh series of the Penn¬ 
sylvanian system a number of marine limestones are present. These vary from a 
few inches to 20 feet or more in thickness but range commonly between 1 and 8 feet. 
Marine limestones, if present, occur directly or closely above the coal beds. This 
is true also of the fossiliferous shales of marine or bra^sh water origin. Through¬ 
out the Pottsville, Allegheny and lower Conemaugh series this repetition of marine 
or brackish water deposits above the coal beds occurs in 21 out of a total of 31 
coals. The coal beds are of land origin as are also the underlying coal formation 
days. Further, some of the shales and sandstones are thus derived. The marine 
limestones and fossiliferous shales were deposited when subsidence first carried 
down the carbonaceous land surface, on which had developed the clays and the 
coals, to such a level that inundation by sea water took place. They were thus 
laid down in shallow, relatively quiet and silt free waters at the close of the coal 
fomu^ stages. Under such conditions the marine waters were certainly more or 
less diluted with fresh water as on the average the coal beds are repeated about 
every 21 feet in the column. The marine waters also had excellent opportunities 
for charges of carbonic acid, HCOi', or Hs<C08)i. Six of such limestone members 

^Oeokwica] Survey of Ohio, Bull. 42, Dolomites and Limestones of Western Ohio and 
unpublishea analyses of limestones in eastern Ohio. 
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FRESHWATER LIMESTONES 


Name of Formation 

Average! 
Thick¬ 
ness 1 
in Feet j 

Number 

of 

Samples 

Dolomite 

CaM({(CO,), 

Limestone 

CaCO, 

Argillaceous 
Siliceous 
and Other 
Impurities 

Permian System 1 






Washington i 

9 

1 

3 44 

88 63 

7 93 

Pennsylvanian System 






Ben wood 

37 i 

2 

9 99 

76 04 

13 97 

Fishpot,. 

32 1 

10 

24 77 

59 13 

16 10 

Redstone , 

13 , 

2 

15 33 

62 28 

22 39 

Snmmerfield 

12 

3 

7 46 

87 05 

5 49 


MARINE LIMESTONES 


Pennsylvanian System 






Ames. 


6 

3 40 

86 22 

JO 38 

Cambridge 

4 

3 

3 19 

58 12 

38,69 

Brush Creek 

20 

2 

3 80 

33 04 

63 16 

Vanport 

6 j 

7 

2 51 1 

90 59 

6 80 

Putnam Hill 

4 ' 

16 

4 49 : 

88 72 

6.79 

Lower Mercer j 

2 1 

5 

4 64 

86 77 

8 59 

MlShlSSlTFIAN SysIEM * 

Maxville . 

Devonian System i 

20 j 

6 

19 83 

70 38 

9 79 

Delaware. i 

45 1 

12 

30 46 

SS 81 

13 73 

Columbus —top 

so 1 

20 

29 00 

67 96 

3 04 

" bottom 

40 

24 

84 72 

11 69 

3 59 

Lucas 

50 

6 

86 30 

9 50 

4 20 

Amhcrstburg 

Silurian System 

J5 

1 

83,23 

14 23 

2 64 

Monroe 

570 

85 

93.90 

2 34 

3 76 

Guelph“Cedarvdle 

170 

64 

98 02 

0 20 

1 78 

Spnngfield-West Union. 

20 

21 

84 40 

3 13 

12 47 

Eupheniia 

6 

3 

96 65 

0 76 

2,69 

Laurel . 

6 

3 

78 78 

12 86 

8 37 

Dayton 

B 

5 

70 01 

17 20 

12 79 

Brassfield 

27 

17 

22 29 

72 23 

5.48 

Hlkhorn . 

OrIXTVK'IAN S^blEM 

U^r Part 

K ichmond 

63 


25 10 

1 76 

73 15 

265 

1 

10 69 

66 47 

22 84 

Maysville. 

205 

4 

4 33 

47.89 

47.78 

Eden . , , 

245 

2 

7.88 

45,06 

47,07 

Utica. 

170 

2 

13 22 

23.60 

63.18 

Trenton 

185 

1 

12,67 

74 84 

12 59 

Black River . 

425 

2 

14 14 

79 83 

6 03 

Glenwood. . i 

10 

1 

22 99 

4 04 

72.97 

Ordovician System" 

Lower Part 

U>WER Magnesian" .1 

450 

24 

95 00 

LOO 

4.00 

Camurian System", , , , 

716 

1 

52 

54.49 

0.81 

44.70 


"Partial analyses and microscopic work show dolomite with high purity. 

'•Partial analyses and microscopic work show dolotnite with high purity. 

'•Partial analyses and microscopic work show dolomite with fair purity, cut by many sand* 
stone strata. 


Crystalline rocks, mainly gneiss. 
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(Ames, Cambridge Brush Creek, Vanport, Putnam Hill, Lower Mercer) were 
sampled, 38 tests in all being made. In these the dolomite component CaMg(C 03 ) 2 , 
is quite low, varying from 2.61 to 4.49 per cent and averaging 3.89 per cent. The 
deposits are thus rich in limestone, CaCO, the common range being between 50 
and 90 per cent. Further, they are variable but generally low in argillaceous, 
siliceous and other impurities. Hence they conform to deposition in diluted 
marine waters where the acid, HCO 3 ', or H 2 (HCOg) 2 , was abundant and the bases 
largely supplied directly or indirectly from land sources. 

MAXVILLE FORMATION 

The Maxville formation of the Mississippian system is patchy in development 
in Ohio. Thus the deposits are broken, more or less scattered and variable in 
thickness A break or unconformity is present lx)th at the top and at the bottom of 
the formation. The thickness varies from 1 to 140 feet or more It is of marine 
origin as shown by the fossils which, however, are not abundant and are confined 
largely to the shaly partings along the bedding planes. In general this limestone 
is finely crystalline, dense and hard. The underlying formations, 300 to GOO feet 
or more in thickness, are the shales, sandstones and conglomerates, all of marine 
origin but chiefly of land derived materials. In Ohio the upper, much worn and 
eroded surface of the Maxville formations is in contact with the Pottsville rocks of 
the Pennsylvanian system. The lost interval here represents the Mauch Chunk 
of the Appalachian Mountains area. In Ohio, where thick, the upper part of the 
Maxville formation is a limestone rich in calcium carbonate, CaCOg, low in dolo¬ 
mite, MgCOs’CaCOs, and generally low in the common impurities. This part is 
used in the manufacture of Portland cement. However, the lower portion is 
quite dolomitic in character, being classed as a limey dolomite. In five samples, 
from top to bottom, the range of components is, dolomite, CaMg(C 03 ) 2 , 1.84 to 
to 72.81 per cent and limestone, CaCOs. 4.18 to 95.25. The respective averages are 
19.83 per cent for the former and 70 38 per cent for the latter. The lower portion 
thus shows the influence of marine conditions not far from land areas and the 
upper portion bears more toward shallow marine conditions in advance of the 
coal formation stages. 


DELAWARE FORMATION 

The Delaware formation in Ohio varies from 30 to 70 feet in thieJeness but 
averages close to 45 feet. It is a limestone, dark gray to dark with carbonaceous 
pigments, rather dense in character, often flinty and commonly rich in marine 
fossils. It is overlain directly by the Olentangy shale and thi.s in turn by the Ohio 
shale rich in organic matter. The total shale covering is thus several hundred 
feet of land derived materials. The Delaware formation is underlain locally by 
the Marcellus shale, much like the Ohio in character, that is, black and car- 
'bonaceous but otherwise of land derived materials. Along much of the outcrop 
the Delaware lies unconformably on the Columbus formation. From 12 analyses, 
spaced over a wide area the Delaware should be classed as a dolomitic limestone 
of only moderate purity. On the average the dolomite component, CaMg(C08)a, 
is 30.46 per cent, the limestone component, CaCOs, is 55.81 per cent and the 
siliceous, argillaceous and other ingredients are 13.73 per cent. In these analyses 
the minimum and maximum figures are, dolomite, CaMg(COj) 3 , 14.21 and 52.83 
per cent and the limesteme, CaCOs, 3fi.73 and 78.16. The composition thus 
indicates that the formation was laid down in sea water somewhat diluted by 
fresh water which was rich in the acid, HCO^' and contained bases in the proportion 
of CaO>M[gO. 



226 


WILBBR STOirr 


Vol. XLIV 


COLUMBUS FORMATION, UPFBR PART 

The upper part of the Columbus formation, from 50 to 60 feet in thickness, and 
made up of the Klondyke and Coral members in central Ohio and the Venice and 
Marblehead in northern Ohio, is consistently a limestone, light to light gray in color, 
rich in fossils and earthy to dense crystalline in texture. It is overlam by the 
Marcellus black shale or by the disconformity marking the stratum. On the other 
hand the basal portion of the Coltunbus formation is a dolomite with a small 
content of limestone, CaCOs. Wherever tested the upper portion idiows a distinct 
gradation downward in the content of MgCOi. For example at Columbus the 
figures are: 



Thickness 

MgCOa 

CaCO. 



ft. \n. 



Sample 241, teij') 


14 8 

5 1ft 

ftl ftft 

242 


11 3 

10 90 

86 76 

243 


16 5 

12 88 

84 98 


At the O’Shaughnessy Dam in Delaware County the results are: 



I'hickneas 

MgCO* 

CaCO, 

Sample 209 Klondyke, top member 

ft. tn. 

22 0 

7.32 

90.13 

207 Coral 

23 

7 

11,31 

86.33 

206 Eversolc 

10 

1 

28.44 

61,08 

208 Bellepoint 

14 

4 

30 90 

58 04 


In general the upper part of the Columbus formation must be classed as a 
limestone, always somewhat dolomitic in character and rather low in the common 
impurities. In 20 samples taken across Ohio the dolomite component, CaMg(CO<)a, 
varies from 9 2.3 to 66.91 per cent and averages 29.00 per cent. The limestone 
component, CaCOa, runs as low as 26.88 per cent and as high as 89.75 per cent. 
The common impurities average about 3.04 per cent. Thus the data would indicate 
that the upper portion of the Columbus formation was laid down in marine waters, 
slightly diluted with fresh water bearing little sediments. 

COLUMBUS FORMATION, LOWER PORTION 

The lower portion of the Columbus formation, 20 to 50 feet in thickness* 
imparts a different sto^ as far as origin is concerned. It is usually slight brownish 
gray to light brown in color, definitely crystalline in texture, impoverished in 
fossils, then only casts, and locally impregnated with chert. It is directly overlain, 
with only a biding plane for parting, by the upper portion of the Columbus 
formation and underlain by formations Of the Detroit River group or by the dis¬ 
conformity marking the absence of a thick section of such rocks. Rather com¬ 
monly the Columbus formation rests on the Monroe dolomite. Little or no land 
derived sediments are found within basal Columbus rocks or are found associated 
in the older formations. They are marine in origin with little ii^uence frean fresh 
water changes. Prom 24 samples gathered over a wide area in western Ohio and 
representative of the formation the dolomite component, CaMg(CO»)«, varies fixMn 
^.17 to 97.27 per cent and averages 84.72 per cent. On the other hand the free 
limestone, CaCOs, varies from 0.00 to 53.72 per cent and averages oidy 11.^ per 
cent. The two carbonates make up all but 3.59 per cent of the total. Su<b rocks 
were laid down by precipitation in sea water closely normal in concentration. 










Oolomitei—Wilber Stout 


(Insert pp. 227—288) 


crystalline rocks 
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LUCAS FORMATION 

In Ohio the Lucas formation is local in distribution and is confined to an out¬ 
crop in western Lucas, northwestern Wood and southeastern Henry oxmnties. 
The thickness is erratic, the maximum given being about 140 feet. The Lucas is 
characteristically a dolomite but locally becomes calcareous in composition. 

The formation is rather definitely b^ded, the layers commonly ranging from 
3 to 12 inches in thickness. The stone varies from light bluish gray to light brown 
or drab in color. Disconformities exist both at the top and at the bottom of the 
formation but in any event the underlying and overlying strata are dolomites and 
not limestones. From 6 representative analyses the dolomite component, 
CaMg(COj) 2 , varies from 53.68 to 97.93 per cent and averages 86.30 per cent. 
The limestone component, CaCOj, ranges from 0.00 to 44.90 per cent but averages 
9.50 per cent. The stone is moderately high in purity as the two carbonate com¬ 
ponents make up all but 4.20 per cent of the tot^. Both the geological and 
chemical data suggest that the Lucas formation was deposited under marine 
conditions with only slight local modifications from land influence 

AMHERSTBURC. FORMATION 

The lower formation, the Amherstburg, of the Detroit River group, in Ohio, 
is confined to two areas, one east of the Cincinnati arch in Ottawa, Eric and San¬ 
dusky counties and another west of this structure in Lucas, Wood and Henry 
counties. The rock is a dolomite in composition, slight drab to brownish gray in 
color, open or even cavernous in texture and usually massive in bedding. The 
thickness where best developed appears to vary between 50 to 75 feet. It is 
overlain mainly by the Lucas formation, a dolomite, and underlain by the Oris- 
kany sandstone or by the disconformity marking this stratum. Commonly the 
underlying formation is the Monroe, stnctly a dolomite in composition. The one 
analysis for the Amherstburg shows, dolomite, CaMg(CO») 2 , 83.23 per cent, 
limestone, CaCOj, 14,23 per cent and impurities 2.54 per cent. The lenticular and 
patchy nature of the deposits suggests marine origijn with slight land influence 

MONROE FORMATION 

The Monroe formation in Ohio includes the Greenfield, Tymochtec, Put-in-Bay 
and Raisin River divisions which, however, are not definitely sei)arated one from 
another and are very similar in geological, physical and chemical features. Here 
these four members are treated as one formation. The thickness of these rocks 
varies from 400 to 700 feet and averages about 570 feet. They may present a 
shelly, very thin, thin, medium or massive structure. Such variation^ may be found 
in almost any quarry face or throughout any considerable part of the entire section 
In general the materials are slightly siliceous in character, the free silica content 
being a rather distinguishing element. The color range is wide but in general the 
tints exhibited are some shades of brown or dark bluish gray. In texture the 
stone changes from hard and dense to open, sugary or even cavernous. Parts arc 
very definitely laminated through the effects, of thin papery partings of dark- 
colored matter which suggests the concentration of organic scums during dry land 
periods. Breccias, mud cracks and ripple marks are common impressions In the 
Monroe dolomites the fossils are not abundant, are small in size, and are usually 
preserved as casts. The anhydrite and gypsum deposits of central and northern 
Ohio and the salt beds, over 7,000 square miles, throughout the eastern part of the 
State are ordinarily present about midday ^in tihe section. The data are definite 
and conclusive and ^ws deposition in normal or even concentrated sea water 
under shallow water condition. During many times the basin became mud flats 
exposed to the sun. In no way is alteration, substitution or secondary changes 
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evident* The material was deposited as dolomite. The Monroe is overlain by the 
Oriskany sandstone or if this is not present by some dolomite formation, and under¬ 
lain by the great Guelph-Cedarville dolomite also of high purity. 

The Monroe formation in Ohio was thoroughly examined and sampled through¬ 
out its entire exposed range in the western part of the state. In an average of 85 
samples the components are dolomite, CaMg(C08)2, 93.90 per cent; limestone, 
CaCOs, 2-34 per cent and impurities 3.76 per cent. In 42 of these samples the free 
limestone, CaCOs, ranged from 0.00 to 0-10 per cent and in 24 others frorn 0.10 to 
0,25 per cent. The only ones showing any considerable amounts of free limestone 
were in south-central Ohio abutting the area of overlap where the underlying 
Niagara limestone was a land surface through upper Silurian and lower Devonian 
time. Here in a small area the rock becomes a dolomitic limestone. Aside from 
this the Monroe conforms strictly to direct deposition as a dolomite, close to the 
true chemical ratio. It was laid down as a primary deposit in shallow marine 
waters, generally normal or above in saturation. 

GUELPH-CEDARVlLLE FORMATION 

The Guelph-Cedarville formation of the Niagara group covers a wide area in 
Ohio. In southern and southwestern Ohio such rocks are exposed in sixteen 
counties and in the north-central part of the area in eight counties. The thickness 
varies from 80 to 200 feet. The rock is highly crystalline, usually open and porous 
in texture, nearly white, light gray or blui^ gray in color and always of high 
purity. The formation is massive in structure, thick faces often showing few if 
any well-defined partings. In local areas some chert appears in the lower portion 
in 5 to 25 feet of strata. The rock is everj^here a true dolomite, at or very close 
to the dolomitic ratio. The Guelph-Cedarville formation is overlain by the Monroe 
dolomite and underlain by the Springfield-West Union dolomite, another division 
of the Niagara group. Throughout the area of outcrop the ^clph-Cedarville 
formation was carefully sampled for testing, in all 65 samples were taken and 
tested. The average of these show, dolomite, CaMg(C03)a, 98.02 per cent; lime* 
stone CaCOa, 0.20 per cent and impurities 1.78 per cent Of these, 42 samples had 
a free limestone content, CaCOs, of 0.10 per cent or less and only 6 had quantities 
above 0.50 per cent. In the true Guelph of northern Ohio the average content of 
silica, SiOz, is about 0.16 per cent and that of alumina. AI2O3, is not more than 
0.05 per cent. The minimum recorded is 0.05 SiOa and 0.02 AI2O3. In the Cedar- 
ville of southern Ohio these components average close to 0-64 Si02 and 0.13 AUOs. 
Such contents of silty materials certainly diow these seas had little contact with 
land areas. The Guelph-Cedarville formation is thus a dolomite of exceptionally high 
purity, with little or no free limestone, CaCOs, and evidently deposited under true 
marine conditions. 


SPRINGFIEIJD-WEST UNION FORMATION 

A definite group of strata of lenticular character near the base of the Niagara 
series is termed the Springfield-West Union formation. These deposits outcrop 
over a rather wide area in southwestern Ohio, va^ in thickness from 10 to 40 feet 
and in general are dolomites somewhat siliceous in composition. They are directly 
overlain by the great Guelph-Cedarville formation and underlain by a series of 
calcareous shales and thin dolomites. The formation was carefully sampled through¬ 
out the area. In 21 samples the average components are: dolomite, CaMg(C08)a» 
84.40 per cent; limestone, CaCOs, 3.13 per cent and impurities 12.47 per cent. The 
free limestone, CaCOs, varies from 0.10 to 18.14 per cent and commonly—in 14 of 
21 samples—ranges between 1.00 and 5,00 pet cent. These analyses thus show a 
tendency towards slight dilution of the sea water or influence from land areas. 
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EUPHEMIA FORMATION 

The Euphemia formation is the basal portion or a lens-like stratum of the 
great mass of Niagara dolomites. The rock is massive, porous and more or less 
mottled and commonly rich in fossils, preserved mainly as casts. The formation is 
relatively thin, avers^ng only about 6 feet. The outcrop of the member is con¬ 
fined to five counties. Three samples show the following average components' 
dolomite, CaMg(COa) 2 , 96.55 per cent; limestone, CaCOa, 0.76 per cent and 
impurities 2.69 per cent. The range of free limestone, CaCOa, is from 0.00 to 2.24 
per cent. The deposits arc thus of marine origin in sea water close to normal in 
concentration. 

LAUREl. FORMATION 

The Laurel formation is a thin, rather local unit, bedded in the calcareous 
shales, underlying the great body of Niagara dolomite. It is directly overlain by 
the Massie shale and underlain by the Osgood shale, both of which are made up 
largely of much land derived sediments. The rock is finely crystalline, dense and 
hard, is bluish gray in color and somewhat fossiliferous. Three analyses, relatively 
representative, furnish the following data on components: dolomite, CaMg(C 08 ) 2 , 
78.78 per cent, limestone 12.85 per cent, and impurities 8.37 per cent. Its inter- 
bedding in shales, free limestone and moderate impurities all indicate influence 
from fresh water from land areas. 

DAYTON FORMATION 

The basal formation of the Niagara group is the Dayton member. It is directly 
overlain by the Osgood shales and underlain, with a slight disconformity, by the 
Brassfield limestone. The deposits are thin, varying from 7 to 13 feet and averag¬ 
ing only about 8 feet. The stone is thin bedded, compac't, tough, crystalline and 
fossiliferous. In composition it is commonly a siliceous, limy dolomite. The 
results of five determinations arc as follows: dolomite, CaMg(C 03 ) 2 , 70.01 per cent, 
limestone, CaCOa, 17.20 per cent and impurities \-.79 per cent. The variation in 
dolomite is from 68 14 to 73.21 per cent and in limestone from 15.40 to 20 01 
per cent. 

A study of the preceding formations shows an increase downward in the quantity 
of free limestone, CaCOa, and in the quantity of shale sediments for example: 



Dolomite 

CaMg(C03)2 

Limestone 

CaCO, 

Impurities 

Guelph-Cedarville formation. 

98 02 

0 20 

1 78 

Spnngfield-West Union formation 

84 40 

3 13 

12 47 

Euphemia formation , . . ... 

96 66 

0,76 

2 69 

Laurel formation.,. 

78 78 

12 85 

8 37 

Dayton formation,. 

70 01 

17 20 

12 79 


Thus the shift is from dolomites towards limestones which are the predominating 
rocks in the great mass of shales several hundreds of feet in thickness in the basal 
portion of the Silurian and in the upper part of the Ordovician systems. Hence 
the shift is from normal marine waters toward that diluted by fresh water from 
the land surfaces. 


BRASSFIELD FORMATION 

The Brassfield limestone in the lower part of the Silurian system is, in a way, 
placed out in a shale section and is a dolomitic limestone of fair purity. It is 
underlain by the Elkhom or Red Medina shale and this in turn by that shale- 
limestone series of the Cincinnati group, in all about 900 feet in thickness, The 
Brassfield formation thus shows the influence of land or fresh water conditions, 
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The Brassfield member is from 20 to 40 feet in thickness wid averages about 30 
feet. It varies laterally from massive strata to thin bedded layers with shale 
partings. In color it ranges from a veiy light gray, nearly white, thixwxgh darker 
shades of gray, buff and pink to browni^ red. Marine fossils are abundiit, being 
most concentrated along the partings. In composition the formation gra<^tes 
downward from a relatively pure limestone at the top to one decidedly dolomitic at 
the 1x)ttom. This relationship is shown below: 


Sample 

Number 

Thickness 

MgCOa 

CaCO, 

Dolomite 

CaMK(ro,l, 

Limestone 

CaCO, 

Impurities 

275 

//■ 

1 » 

tn. 

4 

3 35 

R5.86 

7 33 

91 88 

0 79 

274 

9 

5 

15 25 

SS 94 

33.35 

05 84 

0 81 

27:i 

6 

9 

20 76 

78 23 

45 38 

53 60 

1 02 


The average of 17 samples representing all parts of the formation along its entire 
outcrop in southwestern Ohio yields the following: dolomite component, CaMg(CO*)a, 
22.29 per cent, limestone component, CaCOa, 72.23 per cent and impurities 5.48 
per cent The range in dolomite, is from 3.30 to 81.85 per cent and in limestone, 
from 9.37 to 91.88 per cent. Thus during the deposition of the Brassfield formation 
the conditions were variable but always were more or less influenced by fresh 
water from the land areas. 

ELKHORN OR RED MEDINA FORMATION 

The Elkhom shale of Ohio is the Red Medina of the driller and the Queenstown 
of the New York section. It is regional in distribution but variable in thickness. 
In Ohio, it ranges from 10 to 250 feet but averages not far from 60 feet. The 
Elkhom member is a typical shale in character but locally contains sandy lenses 
and limy matter. The color of the drill cuttings is distinctive, being red or brown¬ 
ish red. In composition it is classed as a siliceous, dolomitic shale rich in potash 
K 2 O, and ui hematite, FC 2 O 8 . The testing of one sample from an oil well gave the 
following results: 


Sample 

Numl>er 

Thickness 

j 

MgCO, 

CaCO, 

Dolomite 

CaMg(CO,), 

Limestone 

CaCO, 

Impurities 

219 

//. m 

66 0 

11 48 

15 37 

26 10 

1 76 

73 16 


The analysis shows that the Elkhom is a shale, argillaceous, ferruginous and 
siliceous from land derived comjxments and dolomitic from marine components. 

RICHMOND, MAYSVILLE AND EDEN FORMATION 

The Richmond is the upper formation of the Cincinnati group of the Ordovician 
^stem and is closely similar in every respect to the underlying Maysvtlle and 
Eden formations. All are made up of great series of shales and limestone laid down 
with little alteration of the physical conditions. They were deposited in marine 
water, most certainly modifi^ as to concentration. Here shale And limestone are 
repeated in rapid succession through a great thickness, 700 feet, of strata. 

The deposits of the three fonnations are made up of alternate laym of shale 
and limestone, generally sharply defined Imt rather uniformly spaced. The hard 
carbonate rocto form from 20 to 50 per cent of the whole. These limestone atmta 
range from 1 inch or less to 10 inches in thickness and are interbeddad wi^ the 
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alwftyt tailcfttwus iti nature. The shale partings are cm the average some¬ 
what tbidcer than the limestone layers. The compositions of these formations as 
shown by a few analyses are given below: 


i 




Dolomite 

CaMg(CO,)J 

Limestone 

OaOOs 

Impurities, 
Shale, etc. 

Richmond 

Stone and shale , 

266 

4 80 1 

72.27 

10 69 

1 . ..1 

3 52 

64.47 1 

22 84 

Maysvillfi. ' 

Stone... 

205 

1 ' i.6l‘ 

1. 1 

83 26 

81,35 ‘ 

16 13 

Shale.., 


2,40 

14 53 

5 25 

11 68 

83 07 

Stone . 


2.20 

85 02 

4 81 

83 01 

12 18 

Shale . 


1.72 

17.54 

3.76 

15 50 

80 74 

Eden . 

Stone.. 

245 

2 32 

82 26 

607 

79 51 

15 42* 

Shale. . 


4 89 

16 39 

10 60 

10 59 

78 72 


In composition these limestones closely duplicate the marine limestone of the 
Pennsylvanian system or of the coal formations. The bases conform to land or 
fresh water origin where the CaO>MgO. The associated shales arc slightly more 
dolomitic in character. This rapid succession of shale-limestone, shale-limestone, 
rt'peated hundreds of times may be accounted for by seasonal inundations from the 
land areas which thus brought in greater supplies of bases, CaO>MgO, at each 
particular time. In a way it is comparable to the conditions in the Pennsylvanian 
system where inundations of the coal swamps, with diluted marine waters, gave 
nse to limestones or fossiliferous calcareous shales. Every coal bed in the Potts- 
ville series and most of them in the Allegheny and lower Conemaugh series are 
directly or closely overlain by a marine limestone or fossiliferous shale. The end 
results in both cases, Cincinnatian and Pennsylvanian, are closely alike. 

UTICA FORMATlOt^ 

In Ohio, as detected by the drill, this formation ranges from 25 to 400 feet in 
thickness but averages close to 300 feet. It consists of calcareous, carbonaceous 
shales and shaly limestone, the latter being most concentrated in the lower portion. 
In color the Utica is conspicuous, ranging from brown to black, quite similar to the 
Marcellus, Ohio and Sunbury shales. Tbe composition is shown below: 


Sample 

Number 

Thtekness 
in Feel 

MgCO, 

CaCOj 

Dolomite 

CaMg(CO,), 

Limestone 

CaCO» 

Shale, 

etc. 

216 . 

310 

4,47 

21 75 

9 77 

16 45 

73 78 

217. 

16 

7 53 

39 80 

16.68 

30 75 

62 57 


The organic nature of the coloring pigment is shown by the presence, in sample 
No. 216, of 0.33 per cent hydrocarbons, CnHsn 44 . Both the organic matter, the 
shale component and the composition show the influence of land masses. 


TRENTON AND BLACK RIVER FORMATIONS 

The Trenton and Black River formations, commonly designated Trenton by 
the driller, make up a thick mass of carbonate rocks, averaging over 600 feet in 
^ thickness, which extends regionally across ’the state. These rocks are dark gray 
to dark in color, generally fine and dense in texture and vary from dolomitic lime¬ 
stones to true dolomites in composition. Where tested in the southwestern and 
central parts of Ohio they are limestone but in the northwestern part, in the old 
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Lima oil field, they are open, porous dolomites. The three analyses following are 
from the limestone area. 


Sample 

Number 

Thickness 
in Feet 

MgCO, 

CaCO, 

Dolomite 

CaMg(CO,), 

Limestone 

CaCO, 

Impurities 

Trenton 

220. .. 

Black River 

185 

5 75 

SI 66 

12 57 

74 84 

12 59 

221.. . . 

149 

6 57 

85 76 

14 37 

77 96 

7.67 

222 . 

272 

6 36 

89 26 

13 9) 

81 71 

4 38 


The composition of the Trenton and Black River formations indicates that these 
rocks were laid down in the sea where the conditions of salinity shifted, commonly 
depositing dolomitic limestone but more locally yielding dolomite. 

LOWER ORDOVICIAN AND CAMBRIAN SYSTEMS 

Tn Ohio where tested by the drill the rocks from the St. Peter sandstone of the 
Ordovician system through the Cambrian to the crystalline rocks of pre-Cambrian 
age are essentially dolomites and sandstone, the latter bedded in the former. From 
one set of 76 rough analyses the composition may be approximated about as follows: 



Thickness 

Dolomite 

Limestone 

Sand 

and Other 
Impurities 


in F€»et 

CaMg(CO,), 

CaCO, 

Ordovician System 





Lower Magnesian 

450 

95 00 

1 00 

4 00 

Cambrian System 





Upper part 

580 

66 00 

1 (K) 

43 00 

Dresbach 

135 

5.00 

0 00 

05 00 

Total. 

715 

54 49 

0 81 

44 70 

Crystalline rocks. 






The composition thus indicates normal marine deposits where the bases stand 
Na>Mg>Ca and the acids Cl>S04 C0j. 

CONCLUSIONS 

A summary of the results of the composition of the carbonate rocks in the 
entire section in Ohio from the crystalline rocks through the Cambrian, Ordo¬ 
vician, Silurian, Devonian, Mississippian, Pennsylvanian and Permian systems to 
the unconsolidated recent materials is as given below: 


Geological System 

Thickness 
of Rock 
Tested 

Dolomite 
Component 
CaMg(CO,)s 
in per cent 

Limestone 
Component 
CaCO» 
in per cent 

Shale 
and Other 
Impurities 
in per cent 

Permian , .. . , ., , . 

9 

3.44 

88 63 

7 93 

Pennsylvanian , , , , 

131M 

12 08 

65 81 

22 n 

Mississippian. . i 

20 

19 

70,38 

9 79 

Devonian , . . , j 

200 

58 86 

36.33 

5.81 

Silurian. 

870 

86 98 

4 26 

8 76 

Ordovician 





Upper . 

1,505 

10 94 

60 00 

29.06 

Lower . 

450 i 

95 00 

1.00 

4.00 

Cambrian .,. 

715 

54.49 

0.81 

44.70 

Total. . . 

8,9003^ 

48.10 

28 96 

22 94 
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Thus in the 3,900 feet of tested carbonate materials in a total section of 6,796 
feet the dolomite component, CaMg(C 08 ) 2 , stands in the ratio to the limestone 
component, CaCOg, of 48.10 to 28.96 or approximately about 5 to 3. The data 
show that the Silurian, lower Ordovician and Cambrian carbonate rocks are 
nearly entirely true dolomites. In the Devonian system-the quantity of dolomite 
much exceeds that of limestone. In all of these true marine conditions of deposition 
prevailed. However, in the Permian. Pennsylvanian, Mississippian and Upper 
Ordovician systems the quantity of limestone much exceeds that of dolomite. 
Here the shift of conditions is toward fresh water or land influences. True dolomites 
were deposited in great masses (shown by over 80 samples) but pure limestones do 
not occur at any place in the section. The evidence from Ohio is quite conclusive 
and supports the view that dolomites are the natural deposits of the ocean where 
the salinity of the water is about normal, that is, where the bases stand 
Na>Mg>Ca and the acids stand C 1 >S 04 C 03 . On the other hand limestones 
are deposited when the sea waters are somewhat diluted by fresh water from 
land areas in which the reacting components are largely found in the ratio of bases 
Ca>Mg>Na and of acids C 03 >S 04 >C 1 or are tending in that direction. Hence 
both dolomites and limestones are primary in origin and have not undergone any 
alteration, one to the other. 


Evolution 

Some excellent books on organic evolution have appeared in recent years. Each of these 
has considered the subject from the viewpennt of new advances in some one field of biological 
science. Huxley's book is unique in that he has made a synthesis of “ new facts or new 
tools of research*’ from many disciplines. The subject is so broad and the material so abundant 
that it is impossible for the author to present more than the broad principles in a book of this 
size. From numerous citations many of the details are left for the individual reader to work 
out for himself. There is a very complete bibliography and three indices, “Subjects,” 
“Organisms” and “Authorities.” The book is superbly written. Professional biologists, inter¬ 
ested in problems of evolution, should find it on their list of books which must be read. 

In the first two chapters the broad principles arc stawd and the plan of the book sketched. 
Genetics' contribution to evolution is discussed in the third and fourth chapters. This section 
is much reduced and assumes the readers* knowledge of the principles of heredity. The next 
three chapters, consisting of three hundred and sixty pages, are devoted to a discussion of geo¬ 
graphical, ecological and genetic speciation. The inclusion of maps would have made this section 
more readable. In the eighth chapter Huxley maintains tliat adaptations are a fact and can be 
explained upon good “mechanistic principles.*’ His explanation for their origin is by natural 
selection. In general this difficult subject is skillfully handled However, several of his examples 
of adaptations imply teleology. On page 422 he states, '*. . . Thus various desert butterflies 
spend most of their active life flying about inside quite small bushes, in order to avoid being 
blown away.” Upon the same page we find “ .In Equidae the subcutaneous muscle sheet 
is highly developed so as to be c.apable of strong twitching.” These are peculiarities of expression 
and in no sense meant to be teleological. 

The ninth chapter is devoted to a discussion of evolutionary trends leading to specializations. 
In the last chapter, the tenth. Huxley looks into the future of man. He predicts that, in the 
near future, man is not destined to break up into a number of separate mdiating lines. Changes 
lieading to his evolutionary progress will be concerned with the attributes of the mind, He 
leaves the reader with the thought that man is the trustee of his own evolution and if rapid 
progress is to be made he must work and plan for it.— W. M. Tidd, 

Evolution: The Modern SynihesiSi by Julian Huxley, xi and 645 pages; no text figures. 
Harper and Brothers, publishers. New York and London. Price $5.00. 


A NEW GENUS (TENUCEPHALUS) AND SPECIES OP MEXICAN 
LEAFHOPPER RELATED TO PARABOLOCRATUS 


DWIGHT M. DeLONG 
- Department of Zoology and Entomology 
The Ohio State University 
Columbus, Ohio 


Several new and interesting generic forms of Mexican leafhoppers have recently 
been collected The genus and species described below is apparently allied to 
Parabolocraluii and Spangbergiella. 

Genua Tenucepihalus n. g. 

In appearance resembling Parabolocratus superficially, but smaller with a short broadly 
rounded vertex. The vertex is broader than 4ong, with a definite margin, but the margin is not 
thin or foliaceous. The face is more inflated than in Parabolocratus. The ocelli are on the margin 
and close to the eyes. The elytra are long and narrow and the venation resembles the Thamno- 
tettix type. In Parabolocratus the first anteapical cell is almost as long as the second anteapical 
and the cross veins just caudal to these cells are in a straight line. The elytron of Tenucephalus 
differs in having a short first anteapical cell, a long second anteapical and a long third apical cell. 
The cross veins between the second anteapical and second apical are therefore decidedly more 
caudal than the other cross veins. The pygofer and ovipositor are extremely long and resemble 
the Aoonuran type. 

Genotype Tenucephalus marginellus n. sp. 

Tenucephalus marginellus n. sp. 

Most closely resembling Parabdocratus viridis but much smaller with a narrow black band 
just above and another just below the pale marginal band. Length, female 4.5 mm. 

Vertex broadly roundedly produced, more than one-third wider between eyes at base than 
median length. Disc flat. Pronotum one third longer than vertex. Body slender. 

Color; Dull grayish-green tinged with yellow. Vertex yellow except for a narrow black 
marginal line just above the pale marginal band. Another narrow black line is just beneath 
the marginal band. Anterior half of pronotum yellow, basal portion darker. Scutellujn and 
beneath yellow. 

Genitalia: Female last ventral segment with posterior margin broadly, concavrfy rounded 
between the produced lateral angles. The central third appears notched either side of a broad 
sunken tooth due to the brown markings on the segment margin and the transparent condition of 
the central portion of the xnargin. The pygi^er is long, tapered and together with the ovipositoT 
is longer than all of the abdominal segments combined. Male plates short, broadly rounded at 
apex. Pygofer twice as long as plates with a spine on either side arising from inner wall and 
concealed under apical fourth. Aedeagus forming an inverted U with the posterior am longer 
and heavier tlian the anterior arm. At the apex of the posterior arm U a horizontal, less heavily 
chitinized, elongate lobe which is covered with spines on ventral margin. At the base of the U 
arises on the ventral side a long slender process which extends almost to apex of pygofer. Style 
broad at base, the apical half less than half the width of the basal portiont truncate at apex and 
bent outwardly. 

^ Holotype male, allotype female and female paratypes from Iguala, Guerrero, Mexico, 
October 25, 1941, collected by E. E. Good and the author. Types in author^ collection. 
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NEW SPECIES OF ZYGNEMATACEAE^ 


CLARENCE E. TAFT 
The Ohio State University 
Columbus, Ohio 

Six undescribed species of the Zygnemataceae were discovered in collections 
recently examined from Texas, Louisiana, and Florida. These have been 
described and are now being reported. 

Spirogyra miamiana sp. nov. 

Vegetative cells 20-25^i x 150-340 m, with plane end walls; three chromatophores (rarely 2) 
making 1.6 to 6 turns; conjugation scalariform, tubes formed by both gametangia; fertile cells 
enlarged to 41m, length 71 to I72m; zygospores ellipsoid to cylindric-ellipsoid, 30-39m x 62-92 m: 
median spore wall composed of two layers, the outer layer wrinkled, the inner layer finely 
scrobiculate, yellow-brown at maturity, 

U. S.: Florida, Miami Beiich and Winter Park. 

This species,is at first attached to various underwater objects in flowing water 

Spirogyra notabnis sp. nov. 

Vegetative cells 30-37m x 02-230m. with plane end walls; chromatophores 2, 3, or 4 making 
1 to 3 turns in the cell; at conjugation the cell walls are notably thickened; conjugation scaliiri- 
form between short gametangia, tubes formed by both cells, but more by the male; receptive 
gametangia enlarged near the spore; zygospores ovoid 48-h67m x 78~106m, median spore wall of 
two yellow-brown layers, of which the outer is conspicuously punctate, the inner reticulate and 
finely verrucose. 

U. S : Texas, Austin, April 19, 193ft. 

The layers of the median wall are distinct, and among the most beautifully omamcnicd 
walls in the genus. 

Spirogyra texensis sp. nov. 

Vegetiitive cells 50“65m x 90~630m with plane end walls; 3 to 5 chromatophores making 
1.5-3.6 turns in the cell; conjugation scalariform, tubes formed by the male gametangia; fertile 
cells shortened and enlarged; zygospores ovoid, 66-76m x 9ft-124M, outer spore wall transparent 
irregularly corrugate, median wall yellow-brown, conspicuously reticulate. 

U. S.: Texas, Kamac, April 27, 1938. 

Mougeotia opelouseneis sp. nov. 

Vegetative cells 25“28m x 160-340m, chromatophores with 6-12 pyrenoids in a single row; 
conjugation scalariform, zygospores short cylindric, with concave ends and sides, formed in the 
tubes, 55"64m X 30~34m; median spore wall yellow punctate, punctations about .8m in diameter 
and evenly spaced over the entire wall. 

U. S.: Louisiana, Opelousas, 1938. 

Zygogonium pectosum sp. nov. 

Vegetative cells 9-I2m x 12~108m with two pillow-shaped chromatophores, sometimes 
elongate with flat ends; conjugation scalariform and lateral, zygospores formed in the greatly 
enlarged tubes; zygospores globose or subglobose (16-) 20»25 m x 18-25m with a smooth slate blue 
wall; aplanospores cylindric ovoid, 9 -IOm x 12--16m, also slate blue; sporangium outer wall a 
2-4 m layer of pcctic compound. During conjugation the cells elongate and the walls change to 
peotic compounds and become greatly thickened, 

U. S.‘ Louisiana, near Hombeck on wet seepage slopes, April, 1938. 

Zygogonium punctatum sp. nov. 

Vegetative cells 9-'12m x 3(>-45m with two small irregularly globose chromatophores; conju¬ 
gation scalariform between gametangia that have elongated up to 116m: zygospores globose or 
subglobose 18-27m x 21~32m, enclosed by a distinct sporangium wall; median spore wall yellow 
to yeUow-brown, punctate. 

U. S.; Louisiana, De Ridder, on roadside seepage slopes, April, 1938, 

^Papers from the Department of Botany, Oliio State University, No. 473. 
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NOTES ON LEAFHOPPERS WITH DESCRIPTIONS 
(HOMOPTERA: CICADELLIDAE) 

DOROTHY J. KNULL 

Ohio Biological Survey 
The Ohio State University 
Columbus, Ohio 

Xestoceplulut tuperbiM (Prov.) 

DeUocephalus superbus Provancher, L., Petite Faune Entomologique du Canada, H6mipt^res, 

Homoptferes, Additions ct Corrections, p. 339, 1890. 

Xestocephtius fidvocapitatus Von Duzee, E. P., Bui. Buffalo Soc. Nat. Hist. 6: 215-16, 1894. 

The following is a translation of Provancber*s description;* 

‘‘Length .19 inch. Varied with brown and yellow; the vertex brown with numerous small 
pale-yellow or white spots, the edge brown with throe yellow dots, the front yellow. Prothorax 
and flcutellum brown with yellow dots or small yellow lines, the scutellum bearing four of them, 
two close to the base and two before the apex. Elytra pale with brown spots, the base with yellow 
lines in the brown. Below and legs yellow, back of the abdomen brown.—Cap. Rouge. 

"Its variety of colors gives it an entirely pleasant appearance." 

This description applies very aptly to fairly common, well-marked insects, with definite 
although sometimes faint, markings on vertex, pronotum and scutellum. Provancher’s descrip¬ 
tion applies more fully to males, and Van Diizee’s description of fulvocapiUitus is very accurate 
for females. 

The inner male genitalia are also distinct in this species; the style has a broad foot, and 
aedeagus is stout with a long slender pair of processes. 

Xestocephalus provancheri n. sp, 

This slender unmarked species has been confused with the preceding from which it is readily 
separated by a lack of definite anterior markings and by the characters of the inner male genitalia. 

A brown species with unmarked produced vertex which runs to X. superbus (Pn>v.) in 
Peters’ key.® 

Head narrower than pronotum, a little less than twice as wide as long, an eighth longer at 
middle than next to eye, strongly produced. Pronotum one-fourth longer than vertex, a little 
more than twice as wide as long, elytra long and slender, strongly exceeding abdomen. 

Vertex, pronotum and scutellum yellowish brown, eyes dalle, area below eyes on pronotum 
darkened, scutellar basal angles dark, area around ocelli light. Elytra semihyaline with opaque 
white patches over costal plaque, dark areas on costal margin, one at middle, another above 
apical cell, a square area below apex of clavus, and apical cells. Below, face and legs pale, venter 
and dorsum dark, usually darker in female. 

Male, aedeagus with short pair of processes reaching about half length of shaft and style 
with narrow foot. Female last ventral segment more than twice as long as broad, almost 
stridght, slightly notched at middle, pale spines of pygofer not as abundant as in other species, 
ovipositor exceeding pygofer. 

Length: male, 3 miki.; female 3.25 mm. 

Male holotype, female allotype and three paratypes, Columbus, Ohio, May 19, 1938, D J, 
& J. N. I^null, Collectors. Paratypes from Ohio: Franklin Co., July 14, 1942; Clifton, June 14. 
1938; Delaware Co., June 20, 19^; and Hocking Co., May 25, 1938, and June 3, 1943, D. J. & 
J. N. Knull; Madison Co., Sept. 7, 1931, E. P. Breukey; Ironton, May 26, 1898, H. Osborn Col¬ 
lection. Paratypes from other states: Maud, Texas, April 29, 1941, D. J. & J. N. Knull; Gaineb- 


^Kindly chocked by Professor Wenccl J. Kostir. 
•Peters, H. T., J. Kans. Ent, Soc, vi; 78-4, 1933, 
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vOle, Fla., April 7, 1924, T. H. Hubbell; Agr. ODilege, Miss., May 5, 1021, and Longview, Miss,, 
April 9, 1921, A. Mclntoi^. 

All type material is in the Ohio State University Collection. 

Xeatocephaliii tncsonl n. sp. 

Robust, markings of vertex, pronotum and scutdlum dark brown to black on tan back¬ 
ground; elytra largely semihyaline with dark brown clouding, two inner claval veins conspic¬ 
uously white toward sutural margin and near humeral angle. Inner male genitalia readily 
separate it from all other species as there are two pairs, instead of the tisual one pair of spines on 
the aedeagus. 

Head narrower than pronotum; vertex more than three times as brood as long, twice as long 
at middle as next to eye, slightly produced; pronotum more than half longer than vertex, two 
and three-eighths times as wide as long, humeral and lateral margins equal; elytra exceeding 
abdomen. Tarsal claws straight, curved ventrad. 

Dark brown irregular mottling on vertex and pronotum, light and dark areas covering about 
equal amounts of surface, scutellum very dark, with a bluntly triangular basal white spot either 
side of middle and on mid-lateral margins. Elytra Bemihyaline, dark dorsum of insect showing 
through to give them a dark cast, claval veins whitened as mentioned above, square area below 
apex of davus brown, corium largely semihyaline with some rounded hyaline spots margined 
with brown and small brown areas at ends of apical veins. Face brownish black with trace of 
pale arcs on front, on upper part a dork bat-shaped figure endosed by light area. Venter very 
dark, legs lighter. 

Male, aedeagus differing from that in all other species in having two pairs of latero-ventral 
processes, the outer pair longer; style with broad foot, rounded apex toothed on inner half of 
margin. Female, last ventral segment more than twice as long as preceding, posterior margin 
with sides sloping faintly up toward middle where there is a minute notch at the base of a slit 
which extends almost half length of segment. Pygofer dark brown, apex of ovipositor darker, 
exceeding pygofer, sides of pygofer with profuse, long, stout, tan spines. 

Length; male, 3.2 mm.; female 3.5 mm. 

Holotype male and allotype female from Tucson, Arizona, collected July 12, 1937, by D. J. & 
J. N Knull, and deposited in the Collection of The Ohio State University. 

Stirellua oabomi n. sp. 

The smallest, darkest member of the genus. 

Head as wide as pronotum; vertex a little longer at middle than width between eyes* half 
longer at middle than next to eyes, eyes large. Pronotum two and one-half times as wide as 
long, as long as vertex at middle, lateral margins very short, humeral margins long, posterior 
margin transverse, disc transversely striate especially on posterior two-thirds; elytra exceeding 
abdomen in male, exceeded by apex of ovipositor in female. 

Female, uniform rich brown with the following light areas; a spot at apex of vertex, traces of 
light pattern on disk and base; pronotum, indication of median longitudinal stripe, apex of 
scutellum; elytra, claval veins and elytral area extending from above inner apical ceU, obliqu^y 


EXPLANATION OF PLATE 

1. Xestocephalus tucsoni n. sp., female; lA. Inner male genitalia, lateral view of stylo and 

aedeagus. 

2. Erythfoneufa apacha Baker, female; 2A. Inner male genitalia, lateral view of style and 

aedeagus. 

3. Erythroneura baUi Beamer, female; 3A. Inner male genitalia, lateral view of style and 

aedeagus. 

4. SUrelius osbomi n. sp., female. 

5. Dikraneura mera McAtee, inner male genitalia, lateral view, style, aedeagus and posterior 

margin of ninth segment. 

6. Xestocephalus provancheri n. sp., female; 6A. Inner male genitalia, lateral view of style and 

aedeagus. 

7. Xestocephalus superbus (Prov.), inner male genitalia, lateral view of Style and aedeagus. 




Note: Pi£8.1, 4 and 6 to same scale; 2 and 3 i 
g^talia to same scale. 
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on anteapicals, to costal margin, apical cells dark and veins embrowned. Male, uniformly dark 
but for pale apex of scutdlum, bdow dark in male, in female with white ocelli and oval pale area 
iust below clypeal suture; spines of legs pale in both sexes. 

Female, last ventral segment about as long as penultimate, posterior margin slightly concave; 
ovipositor exceeding pygofer by twice its width; a few pale spines on pygofer. Male, genitalia 
similar in form to those of S. hicolor (V. D.) as illustrated,® except that the pygofer extends beyond 
the plates by more than half their length. 

1-^gth: male, 2.6 mm.; female 3 mm. 

Holotype female, allotype male and eight female paratypes collected near Homestead, Fla., 
Feb 16, by Herbert Osborn and in the Osborn Collection at The Ohio State University. 

Named for Professor Herbert Osborn, collector of the type aeries. 

Dlkraneura mera McAtee 

PiOi Kni. Soc, Wash. 26: 76, 1924. 

This species was described from a single female from Maryland taken on white oak. A 
number of specimens has been taken from white oak in Tennessee and Ohio, and since the male 
lias not been described, a figure of the inner male genitalia is presented, and a male specimen, 
Delaware Co., Ohio, August 27, 1942, D. J. & J. N. Knull, is made the allotype and placed in the 
I ollec'lion of the author. 

Dr. P. W. Oman kindly t'ompared specimens with the type and assured me that they were 
(orrt\lly identified. In McAtee’s description he indicates that the clavus is black. This is not 
true in any of the specimens I have at hand, and Dr. Oman did not mention that it is true of the 
type. 

Srythroneiira ap&cha Baker 

Typhiocyba bipunctata Gillette, Proc. U. S. Nat. Mus. 20: 751, 1898. 

Erythroneura apacha Baker, nom. nov. for bipunctata The Philipp. J. of Sci. 27: 537,1925. 

Dr. D. M. DeLong has recently compared female specimens taken by D. J. & J. N. Knull 
near Tucson, An zona, with the female (wingless) type of E. apacha Baker, in the U. S. National 
Museum, and has noted that the markings are *‘just like the type.*’ Specimens were taken at 
light and from a low-growing Acacia in the Tucson Mts., and in Sabino Canyon on a number of 
f)('i'asions on dates ranging from May 13 to August 27. A study of the inner male genitalia 
shows them to be quite distinct from those in Dr. Beamer’s E. halli (J. Kans. Ent. Soc. 5: 125, 
3932) which he later (Can. Enl. 66: 176, 1934) made a synonym of E. apacha Baker. 

It is my belief that £. apacha Baker and E. baUt Beamer are separate and distinct species, and 
illustrations are offered to show their differences. Specimens determined by Dr. Beamer are 
at hand. 

“Thomas, Ruth L., J. Kans. Ent. Soc. vi: 136, PI. II, 1933. 


Method* of PUmt Breeding 

Although designed for use in advanced undergraduate and graduate classes in plant breeding 
this book is somewhat more than a classroom textbook. It is in addition a reference work on the 
methodology and genetics applicable to programs of crop-plant improvement. 

The genetic basis and the methods and technics of improvement by hybridisation and selec- 
tion are thoroughly treated for all our crop plants. The chapters dealing with approved methods 
of field-testing new varieties or strains for yield are excellent. 

Throughout, the discussion centers around illustrative examples from the literature and 
from the extensive research carried on by the authors and their students. 

The text proper is supplemented by a list of over four hundred references, statistical tables 
useful in analysis, and a glossary consisting mostly of general botany and elementary genetic 
terminology. 

The book is sturdily bound and the type is easily read. In this reviewer's opinion, a few 
more illustrations would be a decided improvement,—R. T. Wareham. 

Plant Breeding, by Herbert Kendall Hayes and Forrest Rhinehart Immer. 432 pp. New 
York, The McGraw-Hill Co., 1942. $4.00. 



NOTES ON ZYGNEMATACEAE* 


E. N. TRANSEAU 
The Ohio State University 
CoUunbus, Ohio 

During the past year an effort has been made to revise my keys to the genera 
and species of the Zygnemataceae. Many old specimens have b^n re-examined 
and many new collections have been studied. As a result of these investigations 
the following changes in specific designations are proposed, and four new species 
are described. 

Spirogyra triplicata (Collins) comb, nov. 

»5. deciminu var. triplicata Collins 1912. 

Phyt'otheca Bor.-Amer, No. 960; also Green Algae of North America, p. 110. 

Spirogyra tropica (G. S. West) comb. nov. 

decimifui var. tropica W. 8c G, S. West 1901. 

Flora of Koh Chang, Bot. Tidsskr. 24:161. 

Spirog3rra bichromatophora (Randhawa) comb, nov. 

^S, gallica var. hichromatophora Randhawa 1938. 

Proc. Indian Acad. Sci. 8 : 353. 

Spirogyra minor (S<'hmtdle) comb. nov. 

tnalmeana var. minor Schmidle 1901 
Hedwigia 40: 47. 

Spirog3rra preacottU (Prescott) f'omb. nov. 

Spirogyra collinsti var. minor Prescott 1942. 

Amer. Midland Naturalist, 27:673, PI, 4, Fig, 15-17. 

Spirogyra regularia (Cedercreuta) comb. nov. ‘ 

^Spirogyra reticulata var. reguhris Cedercreutz 1924. 

Acta. Soc. pro Fatma et Flora Fennica 55, No. 2, p 3. 

Spirogyra taftiana sp. no^^ 

Vegetative cells 18-25ju x 50-96^ with plane end walls, one chromatophore making 2-4 
turns in the cell; conjugation scalariform, tubes formed by both gametangia; receptive gamc- 
tangia enlarged or fusiform inflated; sterile cells often bullifofm; zygospores ellipsoid 24-34m * 
42“80Mt median wall yellow, distinctly and densely punctate, pits more or less angular. 
Huntsville, Texas (C. E. Toft Collection). 

Spirogyra viaenda sp. nov. 

Vegetative cells 40-46m x 130-160m, with plane end walls; one narrow chromatophore making 
4-9 turns in the cell; conjugation scalariform, with broad tubes formed wholly by the male 
gwnetatigia; receptive gametangia inflated to 60-80m; zygospores ellipsoid, sometimes ovoid 
55^-66m X 92-124m, median spore wall yellow, smooth. 

Columbus, Missippi, April 14, 1925. 

Both gametangia are reflexed and the conjugating pairs are separated by vegetative cells. 

Strogoniotn melanogporom (Randhawa) comb. nov. 

^Sirogpnium ttent^rsicum var. melanospofum Randhawa 1938, Proc. Indian Acad. Sci. 
8: 364. 

.Sirogonium pseudofloridanuin (Prescott) comb. noV. 

^Spirogyra pseudofloridanum Prescott 1944, Parlowia 1:360'361, Pig. 1. 

* Papers from the Department of Botany of the Ohio State University No. 472. 
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Slrogonium megaaporum (Jao) comb. nov. 

^Sirogonium sUcticum var. megasp&rum Jao 1935, Smensia 6; 645, FI. 12. 

Sirogonimn hui (Li) comb. nov. 

^•Spirogyra hui Li 1938, Bull. Pan Inst. Biol., Bot. Scr. 8:91. 

Zygnema cylindrospermum comb. nov. 

stellinum var. cylindrospermuin W. & G. S, West 1906. 

Transac. & Proc. Bot. Soc. Edinburgh 23: 3-40, PI. 1, Fig. 2^6. 

Zygnemopsis orientaUs comb. nov. 

^ Debarya desmidioides var. orieniaHs Carter 1926. 

Records Bot. Survey of India 9: 281. 

Zygn^mopais tiffaniana comb. nov. 

^Deharya cruciata Price 1911. New Phytologist 10: 87; idem 11: 60. 

Also Zygnemopsis cruciata (Price) Transeau 1934, and Mougeoiia cruciata (Price) C^urda 1932. 
Bebaxya ackleyana sp. nov. 

Vegetative cells 12- 15m x 90“140m with a single ribbon-like axile chromatophore with about 
8 pyrenoids; conjugation scalariform, tubes long and slender at first, later the median spore wall 
becomes rounded and the sporangium wall is perfectly distinct; zygospore golden yellow mostly 
compressed globose, sometimes ovoid, 60-64m * 52-66M, median wall tricarinate, the lateral keds 
finely ruffled and very distinct, with corresponding corrugations between the keels; the middle 
keel thin, radially striate and up to 10m wide; {K>lar walls obscurely pitted and without a "hub.” 

U. S,: Michigan (Ackley Coll.), Massachusetts (Bullard Coll.). 

Named for Dr. Alma Ackley of Wayne University who collet^ied the type .specimens near 
Douglas Lake, Michigan. 

Mougeotia alricana comb. nov. 

^Debarya africana G. S West 1907. Jour. Linn. Soc. Bot. 38 104, PI. 5, Fig. 3. 

Mougeotia rava sp. nov. 

Vegetative cells 8“12m x 30“120m, chromatophore with 4 to 8 pyrenoids in a row; repro¬ 
duction by aplanospores which are formed mostly outside the recurved sporiferous cells; 
aplanospores globose 16-20m in diameter, median wall gray-brown and smooth. 

U. S.; Mississippi, Starkville; Louisiana, Alexandria (Hicks Coll.); Texas, Austin (Taft Coll,). 
This species resembles M. calcarea, but differs in being aplanosporic and having gray-brown 
spores. 


Practical Malaria Control 

This pocket-sized manual for the control of malaria is well described by its title and subtitle 
given below. It is an abbreviated treatise, yet many items appear which are new, and some are 
considered in detail. The subject matter is treated very systematically and is divided into 
four parts: I, Antimalarial Measures; 2, Diagnosis; 3, Treatment; and 4, Complications of 
Malaria. 

The author, both an entomologist and a physician, has spent many years in the tropical 
jimgle of New Guinea where malignant tertian malaria is highly endemic. People concerned 
with the control of malaria in similar situations should find this book to be a great help, although 
its use is not restricted to such areas. 

The publisher, it is assumed, is responsible for printing the book on undesirable paper and 
without a table of contents and index. Also, the price is large for the size the borne. These 
facts are mentioned because they should not deter one from purchasing this manual for the 
excrilent contribution the author has made to the literature on control of malaria. 

Practidd MatarU ControL A handbook for field workers, by Cafl E. M. Gunther. 91 pages, 
1944. Philosophical Library, Inc., 16 East 40th St., New York, N, Y, Price, 12,50. 
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STUDIES IN HODGKIN’S SYNDROME 


I. A DISTRIBUTION STUDY OF HODGKIN'S DISEASE IN THE UNITED STATES 

H. A. HC^TER 

With the Technical Assistance of 
F. W. SHEPARD and L. H. HATTON^ 

Although much has been said about the part played by many infectious agents 
in the etiology of the disease entity described by Thomas Hodgkin* in 1832, no 
satisfactory statistical surveys have appeared relative to its comparative dis¬ 
tribution in communities, states, and countries; in rural and urban populations; 
and in different races and climates. Information relative to the geographic and 
racial distribution of disease has become of increasing importance to the American 
physician as he himself has become migratory or as his patients may now come 
to him from a sojourn anywhere in the world. The possible nature of the as yet 
undetermined etiology of certain well established disease syndromes may be 
suggested by such surveys, and for this reason the present analysis was begun some 
two years ago as a part of an intensive study of the very considerable range of 
clinical and pathologic states grouped under the general designation of Hodgkin’s 
disease. It must be said, however, that just as Thomas Hodgkin in his ori^nal 
report presented a series of cases, which were lat^sr recognized by careful micro¬ 
scopic study to comprise lymph node pathology of divetp^ent underlying etiologies, 
so we, at the present time, are not certain that all of the histopathological abnormal¬ 
ities grouped under the heading of Hodgkin’s syndrome arc necessarily due to 
the same etiologic agent. A classification and re-emphasis of the range of clinical 
and histological findings observed in Hodgkin’s disease has recently been presented 
by Jackson and Parker.^ It is interesting to note that, just as in similar previous 
analyses by other workers, there is again noted a very wide variation in both clinical 
and histopathological patterns grouped under the general term Hodgkin's disease; 
from a relatively benign **infectious" granuloma on the one hand to an invariably 
fatal sarcoma on the other. 

The presence in Hodgkin’s tissue of mycobacteria, diphtheroids, amoebae, 
fungi, common bacteria! invaders of the upper respiratory tract, small, grarh- 
positive, anaerobic, gas-forming rods, Brucella, and viruses has been reported in 
the literature. Most of the infectious agents isolated have been sub^uently 


^Hodgkin's disease rAsearch carried on in the Division of Research, Department of Medi¬ 
cine, Ohio State UniveTsity, is made possible in part by the Elise S, L’Esperance Fellowship 
Fund and by the Comley Research Fiuid, 

•The maps representing the incidence of avian tuberculosis and Bang's disease in cattle 
are printed with the consent of the U. S. Department of Agriculture. 

•Hodgkin, Thomas. "Cki Some Morbid Appearances of the Absorbent Glands and Spleen.” 
Tr. Roy/Med. Chir. Soc., Vol, 17,1882, pp. ^114. 

•Jackson, H., Jr. and Parker, F. Jr. New Eng. Joum, of Med., Vol. 230, No. I, Jan., '44, 

pp, 1-8. 
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discarded as etiologic factors because of their failure to produce the clinical and 
histopathological picture of Hodgkin’s disease in experimental animals, and because 
of conflicting and irreconcilable reports from diverse sources. Due, however, to 
the nature and chronicty of the clinical course, the location and granulomatous 
character of the lesions, and the actual demonstration of acid fast organisms in 
some cases, the tubercle bacillis has i^emained under suspicion sixice Sternberg’s 
first report® and has been the subject of many subsequent investigations. A few 
among those who have adduced direct or circumstantial evidence as to its possible 
causal relationship to Hodgkin’s disease are Sternberg,® Lichtenstein,® Fraenkel and 
Much,^ L’Esperance,® and Stewart and Doan.® On the other hand, van Rooyan,'® 
Twort,” Branch,Reed,” Longcope,” Terplan and Mittelbach,” Uddstromcr,” 
Jackson and Parker,® and others have expressed their unwillingness to accept 
this etiologic relationship. Classical tuberculous lesions have been demonstrated 
af post mortem in association with lesions typical of Hodgkin’s disease in about 
twenty to thirty per cent of deaths attributed to the latter. When one considers 
conversely, hpwever, the incidence of Hodgkin’s disease in patients with proven 
clinical tuberculosis the correlation is found to be much lower. Medler is reported 
by Jackson and Parker® to have found that only 0.3 per cent of a large series of 
tub^culous patients examined at autopsy showed the histopathological changes 
of Hodgkin’s disease; and Uddstromer” has reported that in Sweden the occurrence 
of Hodgkin’s granuloma in areas where the incidence of tuberculosis is high, was 
actually less than in areas where the latter was low. 

The suggestion made by L'Esperance that Hodgkin’s s 3 mdrome may be caused 
by an avian tubercle bacillus® or an at 3 rpical mycobacterium” of hitherto unrecog¬ 
nized pathogenic importance renders a comparison of human tuberculosis with 
Hodgkin’s disease of less significance, since the incidence of aty]>ica] infections 
due to strain of acid fast bacilli other than human and bovine pathogens does not 
follow or parallel the incidence of human pulmonary tuberculosis. 

Parsons and Poston” and Forbus” have recently reported the isolation of 
organisms of the Brucella group from patients with typical Hodgkin’s lesions, but 
no convincing confirmation of their very interesting and suggestive observations 
has as yet been published. 

The incidence of Hodgkin’s disease among all post mortem examinations 
done at general hospitals is given by Symmers** as 0.16%; Barron,“ 0.32%; 
Ciechanowski,^ 0.33%; and Jackson and Parker,® 0.25%. 


•Sternberg, C. Ztschr. f. Heilk 19: 21. 1898. 

•Lichtenstein, A. Frankfurt Ztschr. f. Path. 24: 29, 1921. 

’Fraenkel, E., and Much, H. Ztschr. f. Hug. u. Infekt. 67: 159-200, 1910; 99: 891, 1923. 
•L'Esperance, E. S. J. Immunol. 16; 27-36, Jan., 1929; 16: 37-60, Jan., 1929. 

•Stewart, F. W., and £)oan, C. A. Annals of Surg., p. 141^2, 1931. 
i^van Rooyen, C. E. Brit. Med. Jour. 1: 50-51, Jan. 14, 1933. 

"Twort, C. C. Journal Path, and Bact.. VoL 33: 539-546, July, 1930. 

“Branch, A. Arch. Path. 12: 253-274, August, 1931. 

“Reed, D. M. J. H. H. Rep. 10: 138, 1902. 

“Longcope, W. T. Bull. Ayer Clin. Lab. Penn. Hosp. 1:1, 1903. 

“Terplan, K., and Mittelbach, M. Virchows Arch. f. Path. Anat. 271: 769-866, 1929. 
“Uddstromer, M. Acta. Tuberc. Scandinav., supp. 1, pp. 1-225, 1934. 

“L'Esperance, E. S. Personal Communication. 

“Parsons, P. B., and Poston, N. A. South Med. Jour. 32: 7-18, Jan., 1939. 

“Forbus, W. D., and Gunter, J. U. South Med. Jour. 84; 376, 1941. 

Forbus, W. D. Am. J. Path., Vol. 18, No. 4, July, 1942. 
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METHODS 

All the data concerning mortality between the years 1939 and 1941 presented 
in the accompanying cha^ (Plates I and II) were furnished ^ Dr. Halbert L. 
Dunn, Chief Statistician for Vital Statistics, Bureau of Census, Washington, D. C. 
No data previous to the year 1939 were used because of the revision in the Inter¬ 
national List of Causes of Death in respect to Hodgkin's Disease during the 
preceding year. ‘‘In 1938 the International List was revised and, effective in 
1939 and thereafter, the conditions accepted for tabulation as Hodgkin's Dise^ 
were narrowed down to include only Hodgkin's Disease, Lymphatic Anemia, 
Lymphogranuloma, Lymphogrsinulomatosis, Pseudoleukemia (only when men- 
tionwi in connection with Hodgkin's disease). 

Statistics concerning the incidence of brucellosis and avian tuberculosis in 
animals (PL III) were obtained from the U. S. Department of Agriculture. The 
data representing mortality per hundred thousand in each disease entity were 
treated in two ways: 

1. Maps (PL I) were compiled showing distribution by means of five grada¬ 
tions of the degree of positive incidence, represented by pure white, stippled, 
single cross hatch, double cross hatch, and solid black in order of increasing 
magnitude. 

2. Another series of companion charts <PL II) were compiled using bars of 
forty-nine lengths to represent the relative order of magnitude of each state among 
its sister states and the District of Columbia. All states with a zero mortality 
in a given map are represented as first in order of increasing frequency. Similar 
statistics for heart disease, diabetes, cirrhosis of the liver, cancer, and other malig¬ 
nant tumors, and tularemia were seilected for comparison and contrast. 

RESULTS 

A consideration of the data available for Hodgkin’s disease (Pis. I and 11) 
reveals that its greatest reported mortality is in the state of Maine. The coastal 
and north central states show a rather high mortality, the actual number of cases 
reported in the northern half of the United States being almost twice that observed 
in the southern half. The distribution of human tuberculosis (Pis. I and II) is 
entirely dissimilar; in fact, the general areas in which tuberculosis mortality is 
greatest are areas in which Hodgkin's disease is reported least often. The dis¬ 
tribution of avian tuberculosis in fowl (U, S. D. A., 1931) (PI. Ill) seems to be 
only remotely similar to Hodgkin’s disease. A map issued by the U. S. D. A. in 
1941 (PL III) is even less suggestive. The distribution of brucellosis mortality 
in man (Pis. 1 and II) is very unlike that of Hodgkin's disease; and consideration 
of the incidence of Bang's disease in cattle (U. S. D. A., 1941) (PL III) reveals no 
parallel to human brucellosis mortality or to Hodgkin's disease, A comparison 
of the population ratio of white versus other races (PL III) to Hodgkin's disease, 
diabetes, mellitus, heart disease, and neoplastic disease (Pis. I and II) reveals 
some similarity. The control maps, with the possible exception of cirrhosis of 
the liver and tularemia, bear an apparent resemblance to themselves and to 
Hodgkin's disease. 

In a study of this type it is appreciated that there are many sources of error. 
A few of th^ may be stated as follows: differences in economic levd; in population 
ratio of white versus other races: in medical acumen, in opinion as to diagnostic 
criteria, in availability of diagnostic facilities, and in migration across state tSrders. 


"Dunn, Halbert L. Personal Communication. 
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DISCUSSION 

Among those diseases selected for study, the dispersion of Hodgkin's mortality 
data seems to resemble more closely those entities belonging to the so-called degen¬ 
erative, metabolic, and constitutional inheritance groups. The inclusion of 
malignancy does not in our opinion necessarily constitute evidence in favor of a 
neoplastic etiology for all Hodgkin’s disease. It is the opinion of the majority 
of students of the subject that Hodgkin’s granuloma appears to be a non-malignant 
process, probably of infectious origin, and this concept is shared by us. A con¬ 
sideration of our own clinical material and a review of the literature points to the 
suggestion that Hodgkin’s syndrome may result from the activity of one or more 
co-active infectious agents of more or less general distribution, and that definite 
localizing or precipitating factors such as allergy, non-specific infection, injury, 
constitutional and endocrine factors may be concerned in the development of the 
lesion. The claim for malignancy in Hodgkin’s syndrome hinges on many equivocal 
points, namdy, that the Stemberg-Reed cell is a neoplastic cell seen only in the 
presence of the Hodgkin’s process, that invasiveness is a quality of malignancy, 
that the progressive character of the disease suggests malignancy, and that since 
the disease has not been reproduced in an experimental animal, it is not caused by 
an infectious agent or agents. A careful consideration of the clinical and his¬ 
tological picture of Hodgkin’s granuloma is the most convincing evidence of the 
tenuous nature of these claims. A few of the arguments which militate against 
a neoplastic etiology are the pleomorphic character of the cellular lesions, the 
abundance of scar tissue formation which frequently replaces the original cellular 
reaction, the peculiar relapsing type of fever and tachycardia, the relative frequency 
of initial adenopathy in the cervical region, and the frequent spontaneous dis¬ 
appearances of enlarged lymph nodes without any form of therapy. 

A consideration of the combined age distribution data of individuals with 
Hodgkin’s granuloma observed by Jackson and Parker,^ Uddstromer,” and our¬ 
selves** reveals the fact that the onset of ‘^granulomatous^’ Hodgl^’s disease 
occurs with a somewhat similar frequency at all ages. There is a moderate rise 
from the first to the third decade and an even less pronounced thereafter to 
the seventh decade. The sarcomatous t 3 rpe, however, is seen very infrequently 
before the age of twenty, and occurs with greatest frequency between the ages of 
fifty and Mventy. It is felt that a clinical and pathol(^cal disease syndrome such 
as Hodgkin’s granuloma with a fr^uency distribution extending throughout the 
life span should not be considered in the same etiological group with presumably 
neoplastic disease syndromes such as Hodgkin’s sarcoma. 

SUMMARY AND CONCLUSION 

The dispersion pattern of Hodgkin’s disease mortality is compared with the mor¬ 
tality of human tuberculosis brucellosis and the incidence of fowl tubemilosis 
and bovine brucellosis. Certain unrelated diseases of diverse etiology are reviewed 
for comparison. 

The fact that the majority of available evidence in the case of Hodgkin's 
disease favors an infectious etiology is re-emphasised* 


»<Ho 8 ter, H. A. Unpublished data. 
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NOTES ON SOME LESS COMMON GENERA OF 
TROPICAL CIXIIDAE 

(Homoptera) 

JOHN S. CALDWELL. 

Circleville, Ohio 

Microlediida Fowler 

This gonus was established for asperala from Guerrero in Mexico. Fus^uiUi Van Duxee 
from California occurs in adjacent Sonora (M. F. 200, Dampf) and fuha Metcalf from Texas 
has been taken in Tamaulipas (Caldwell). 

Mlcroledrida virida n. sp. 

Length 5 mm. Vertex green with three red incomplete transverse stripes; extreme apex 
yellow. Eyes with transverse black stripe across center. Pronotum next to vertex red; green 
caudad. Mesonotum yellowish to gray in center with the lateral compartments fuscous and 
including a black spot caudad next to the lateral carinae. Elytra clear; infuscate basad, a 
transverse fuscous stripe present across furcations of main veins; each apical cell with a diffused 
fuscous spot. Abdomen greenish. 

Vertex produced, longer than mesonotum, with prominent median carina. Face extremely 
flat; no median carina present. Sutural margin of elytra with vertical thin plate-like projection 
at junction of anal vein. 

Female holotype this large species from Peten Lake, Guatemala, 11-12-26 (M. F. 734. 
Dampf). 

Micnbda Fowler 

Fowler erected this genus for the unique costoAr from Mexico. With the addition of another 
species it becomes necessary to modify the original definition or erect a new genus that differs 
by veinational characters ^one. It is my belief that these characters are more specific than 
generic in this case and by omitting the statement concerning the freak daval vein entering the 
suture at about the middle of the clavus accept the original definition which will then include 
the two species. 

Micrixla nigra n. sp. 

Length 3.2 mm. Black over all with carinae of vertex, all of pronotum, and legs smoky. 
Pace not as narrowed as in costaUs, Elytra with normal claval veins; medius not branched; 
two apical cells formed by medius and adjacent veins very long; only two subapical cells present, 
these formed by cubital and radial veins. 

Female holotype from three miles north of Acapulco, Guerrero, 11-22-38 (Caldwdl). 

Diaatrooixiiw n. gen. 

Vertex deeply concave, notdied caudad, carinate oephalad; sides almost paralld. Lateral 
carinae of vertex, frons, and clypeus greatly elevated, almost vertical above, oblique below. 
Frons widened to apet; median carina forked basad forming a transverse carina; median ocellus 
prominent. Oirum of clypeus evanepfcent, toward apex. Caudal margin of pronotum porallri 
to caudal matgih Cf, vertex. Mesonotum tricarinate. Medius arising from base of subcostal- 
radial stock. fitkdlatihctly piwct^lf^igma long, narrow. Hind tibiae without prominent 

spurs. PygoilM ^ leo^ seemingly complete. 

Type: Diastroeixius tMyus n. Bp. 

This genus resembles BothHocerodes Fowler in general appearance but in most keys the male 
will run to Cixius from which it differs in having greatly elected lateral carinae on the head and 
the two carinae between the crown and forehead are widely separated ao4 connected by a 
median carina. Fowler does not mention or show a double carinae out the forBhBBd and in his 
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illustrations the lateral carinae are not as elevated as in the species before me; therefore I believe 
Diastfocixius is distinct from Bothriocerod^s. Its true placement is probably in the tribe Pintaliini 
although the elytra are not as steep as in Pintalia, 

Dlattrocidua thelyua n. sp. 

(Figs. 1 and 1-A) 

Length 6.5~7.5 mm. Eyes black, ocelli red; head and thorax yellow; abdomen sometimes 
red; legs yellow with apical tarsi smoky; el 5 ^tra clear with yellow veins. 

Median carina of frons short, visible only in basal third. Anal segment of male simple^ 
short. Lateral margins of p 3 rgofcrs broadly obtuse caudad; medio-ventral process short, acute. 
Styles slender, lanceolate. 

Male holotype, female hole type, and paratypes from Vergel, Chiapas, May and June, 1035 
(M. F. 4208, 4258 and 4239), male paratype, Eltapote, Chiapas, 9-12^ (M. F. 1821), and fifty 
female paratypes, Esmeralda, Chiapas, 11-18-30 (M. F. 19^ and 1987) (Dampf). 



1. Diastfocixius Profile of male genitalia. 

1- A, Ventral ai^ct erf right foroep and right central portion of male pygofer. 

2. Diastfocixius awrtlus. Same as 1. 

2- A. Same as 1-A. 

3. Nymphoeixia vandutcai Muir. Same as 1. 

4. Rhampkixius dumpiom Fowler. Same as 1. 

5. Diastfocixius apicahts. Same as 1. 

0-A. Same as 2-A. 

9. Pachyntheisa amcinna var. striaia. Same as h 
6-A. Same as l-A, 


Diaatrodiius thelyiis var. basoHs n. var. 

Length 8 mm. Odor as in thdyus thalyus except base of elytra fuscous with tlus color 
continuii\g oaudad between claval vein and sutural margin. 

Holotype female from Finca Bdtei, Chiapas, 3-2^38, (M. P. 6497, Dampf). 

Dtanheeizlua aonelya n. sp. 

• (Figs. 2 and 2*A) 

Length 6^3 mm. Head and body yellowy elytra clear with yellow veins. Median carina 
of frons visible in basal two-thirds; basal fork acute. 

Atml segment of tUale wida subaplcal projection on ventral margins; sight margin cut away 
before apex. Lateral margins of pygofm broadly roundhd caudad; medio-vantral process 
extremdy large, as long as styles, pyriform. 
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Male holotype from Bartica, British Guiana, 4-27-01 (Parish), in Gsbom collection at 
Columbus, Ohio. 

Diastrociziui apicatus n. sp. 

(Figs. 6 and 6-A) 

Length 6 mm. Vertex and thoracic dorsum orange; abdomen black above, venter yellow. 
Elytra mostly clear; stigmal spot dark with color extending up onto the disc; smoky band present 
subapically. Under wing with fuscous apex. Entire face narrow; frons not especially widened 
apically; median carina interrupted only by median ocellus. Anal segment of male constricted 
basad. Pygofers greatly produced caudad into acute flaps; medio-ventral process short, very 
broad. Styles large, long; sides roughly parallel. Aedeagus appears to have periandrium 
separated from penis except basad. 

Holotype male, allotype female, and one male paratype from Coroica, Bolivia, in the H. 
Osborn collection at Columbus, Ohio; one male paratype in writer's collection. 

Diaitrociziua magnue n. sp. 

Lci^gth 7.5 mm. Face yellow with lateral carinae broadly fuscous and median carinae 
of frons fuscous apically. Vertex black caudad and in center. Pronotum yellow with black 
dash behind either eye. Mesonotum fuscous. Elytra clear with dark veins; apex slightly 
infuscate; sutural margin fuscous to apex of clavus. Legs smoky. Face scarcely narrowed 
between the eyes; median carinae of frons distinct; basal foric almost flat. Vertex twice as 
broad as long. Hind tibiae with minute spurs. 

Holotype female from Coroico, Bolivia, is in the H. Osborn collection at Columbus, Ohio. 

Rhajnpliizius Fowler 

Specimens of championi Fowler were taken in Chiapas (M. F. 1^7) and Quintana Roo 
(M. F. 622, Dampf), and in Morelos (DeLong & Good) with Crtscenta alata recorded as 
host plant. 

The male is decidedly smaller than the female and is less highly colored. The illustration 
in the Biologia (PI, 9, flg. 10) is similar to most males while most of the females have a much 
heavier and continuous black stripe around the dytra omitting the costal margin. The genital 
styles are much reduced in the mates. 

Male allotype and paratypes, Morelos, 19-22-41 (DeLong & Good). (Fig, 4.) 

Nymphodzia Van Duzee 

Ten specimens were collected in the Canal Zone, Panama, May, 1927, by H. Osborn. The 
coloration of these specimens is dose to unipunciaUi Van Duzee in that the elytra are hyaline and 
fuscous with a fuscous V across the transverse veins. The male genitalia coincides with the 
description of vanduteei Muir. (Pig. 3.) 

Rymphodzia vanduzeel var. floridenais n. var. 

Length 6 mm. Very heavily marked. Elytra mostly fuscous with a milky area extending 
from the commissural margin across to the stigma where it projects basad forming a somewhat 
broad V-shaped design. This spedmen is larger and darker than umpunckUa or vanduxeei 
vanduuei. 

Female holotype from Manatee Co., Florida, 1-4-26 (T. H. Hubbell), Osbmi collection at 
Columbus, Ohio. 

Pacbyntheiu oondaaa var. etriata n. var« 

(Figs. 6 and 6-A) 

Length 4-4.6 mm. The central semitransparent band is not interrupted in the middle 
of each elytra otherwise the color and mark i n g are identical with eonanfia concinna Fowler, 
The male styles differ m appearance from those shown by Fowler (PI. IV, fig. 3n), but this may 
be due to point of view or differences resulting from treatment with causUc. 

Male holotype and female aUatype from Tenancingo, Merico, 10-22-38 (Plummer), para- 
types from Mexico, D, F., 11-1-89 (DeLong). 



THE HISTORY OF OHIO’S NORTHERNMOST COAL MINE 


MYRON T. STURGEON,* 

Michigan State Normal College, 

Ypsilanti, Michigan 

The Zeil Pfouts farm, located 2.7 miles northwest of Burton Village in Geauga 
Qounty, Ohio, is similar in appearance to many of the well kept farms in that 
vicinity. The Pfouts farm, however, has one distinction that is shared with no 
other farm in the vicinity for miles around; for between 40 and 60 years ago coal 
was mined from beneath its acres. This mine was unique in that it was the 
farthest north of any coal mine ever operated in Ohio. (See Figure 1.) The 
only other near coal mines, with the exception of an attempt to mine coal 2.15 
miles southwest of Welshfield on the east side of the Cuyahoga River, are at least 
15 miles farther south along the north-south line and being somewhat farther east 
or west are actually 25 or 30 miles distant.® These mines are in the vicinity of 
Tallmadge in Summit County, Palmyra in Portage County, and Vienna in Trumbull 
County. 

Concrete evidences of past mining operations on the Pfouts farm have long 
since been almost completely obliterated. The mine buildings and equipment 
have been removed, the mine openings filled, and cultivated and pasture fields 
cover the former mine sites. A green meadow without an apparent trace of a 
mine opening or mine dump now extends over the site of the main shaft which 
was located approximatdy 100 feet west of the Pfouts house. Only small bits 

‘This historical account was written at the suggestion and with encouragement of Wilber 
Stout, State Geologist of Ohio. 

The compilation of the historical data was made ix)ssible through the help of ntimerous 
persons in tne Burton and nearbv communities. Tly» following persons have furnished 
information: Charles Burnett, Prank Davis, Lynn Mumford and nepliew, Ben Owen, David 
Owen, Miss Margaret Owen, Zeil Pfouts, R. R. Phillips, Prank Taylor, Mrs, Ina Taylor. P. H. 
Thwing, and J. M. Zethm^. T. J. Feicht, of Cleveland, gave a copy of the original lease, 
and Miss Annie Ashton, of Chardon, copied lease records at the Geau^ County Cowthouse. 

Special acknowled^ent is due Miss Bertha Buell and James Glasgow, who read and 
criticised the manuscript, J. R. Hickman, who aided in the preparation of the photographs, 
and Miss Anne PrankenDcrry, who did the typing, 

*On November 26, 1943, 1 made an attempt to find the location of the coal prospect near 
Welshfield in Troy Township, Geauga County. Mr. Prank Taylor kindly directed me to the 
site, but in the limited time available I was unable to find any p^itive surface evidence of 
the attempted mining. The following are published references to this unsuccessful coal mine: 

**In Troy township, the Coal-measure sandstone is separated from the Conglomerate 
by the coal shales, which are, in places, very thin, and rarely exceed a thickness of six 
feet. In the southern part of the townsh^, coal has been obtained in small quantities from 
a seam too thin to be profitably worked. Yet at this point it is ^bably thicker than 
in any other part of the county on the east side of the Cuyahoga."--^ead, M. C., "Sketch 
of the Geology of Geauga County," Report of Progress of the Geological Survey in ISTOt 
p. 466, Geol. Surv. CBiio (1871) and Read, M, C., ^‘Geology of Geauga County," Gcol. 
&jrv. Ohio, Vol. I. Pt. I. p. 621 (1878). 

"Evidences of t^ exutenoe coal were discovered in 1848*9 on land located in section 
sixteen, then belongu^ to Rensselaer Smith, now to PeiterDavis. * jehtt Brainard, a noted 
geologist then livi^ m Cleveland, examined the premises, and decided that coal did not 
exist there in paying quantities. Mr. Smith was not satisfied with this decision, but 
went to Pennsylvania and procured a practical miner, to come and develop whatever 
might be found. A few busMls of coal were taken out, which were used by our black¬ 
smiths, but after promoting less than one hundred feet, the *mine' came to an abn^t 
termination. The cavity is now abundant supplied with excellent water of a ve^ low 
tempeTatiiie.*’^Chfi|nnan, William H., "Troy ,Pioneor and Genoral History of Geauga 
Coimty, Ohio (Symposkim), p. 628, published lAm Historical Society of Geauga County 
(1880). 
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of dark shale and coal mixed in the soil betray the former existence of a mine 
there. Approximately 300 feet northeast of the Pfouts house is a broad shallow 
ravine. Near an old beech tree in this ravine was located the oldest mine opening 
on the farm from which coal was taken. (See Figure 3.) Some 25 feet southeast 
was another which was probably a secondary one. These two furnish the best 
surface evidences of mining operations. There is a low pile of weathered shale 
largely concealed by blackberry bushes and rubbish. A depression and several 



Fig. 1. Map of Ohio showing the location of the coal mine n«ar the Village of Burton in Geauga 
County and the distribution of the Pennsylvanian and Permian ^tema (Coal Measures) 
by stipfding. 

cave-ins partly filled with rubbish and field stones mark the entrance and the 
course of the main slope. A depression is all that is indicative of the location 
of the secondary slope. Within a radius of 400 feet around tiie bouse, Mr: Pfouts 
showed me seven additional locations of mines, two of which were slcpes and five 
of which were shafts. They were used for ventilation, dra^ge, and removal 
of coal. This number does not include numerous prospeci' pits which Were dug 
from time to time both before and during the operation of the mines. The approxi- 
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mate locations of the ten mine locations are shown in Figure 2. Without Mr. 
Pfouts’ help it would have been impossible to find the locations of most of them; 
for, as alre^y mentioned, the surface evidences of their sites, consisting of bits 
of dark shale and coal mixed in the soil, a tiny weathered shale pile, slight 
depressions, and now and then a fresh cave-in, are naeager. When cave-ins occur, 
they are filled as quickly as possible with whatever debris is at hand. They have 
occurred along the east-west road near the Pfouts buildings and in the adjacent 
fields. On one occasion the road gave way over one of the abandoned mine entries 
with the passage of a truck load^ with brick and cement. On another occasion 
the ground in a field on the south side of the road caved under one of Mr. Pfouts' 



horses. With such slight surface indications of mining one could drive past the 
Pfouts farmstead on the public road for a lifetime and never be aware of the 
existence of these former mines. 

Many of the facts concerning these mining operations have been lost. I have 
been unable to ascertain how and when coal was discovered in the Burton vicinity. 
There are no good exposures of coal in the immediate vicinity on account of the 
almost continuous mantle of glacial till. Nevertheless coal was long ago reported 
at several nearby places. As early as 1871 Newberry wrote as follows:® 

In Geauga county the Briar Hill coal reachejs as far north as Burton and Newbury, but 
only in a narrow strip and detached islands, and is there thin and of little or no value. 

■Newberry, T. S., ^'Sketch of the Structure of the Lower Coal Measures in Northeastern 
Ohio/' Rtpon of Progress of the Geolo^cokl Survey in 1870^ p. 27, Geol. Surv. Ohio (1871). 
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In the same report and in a subsequent one published two years later (1873) 
Read wrote as follows:^ 

At Burton, the coal shales and the seam of coal are thicker—the rocks of the Coal-measures 
reaching a thickness of 126 feet; and if the village is to remain without railroads, further 
exploration of the coal seain, by shafting or drifting, is advisable, as there are indications of 
coal in sufficient quantities to be profitably mined for local consumption. There is, however, 
no probability of a supply sufficient to warrant iU shipment elsewhere, or to enable the owners 
to compete, even m the Burton market, with coal from the main coalfields of the State, in the 
event of a railroad being built. Near the northeast comer of Newberry township, coal of 
very good quality, about two feet thick, has beeti disclosed in sinking a well on Mr. Prank 
Stone’s farm, and at a depth of about ten feet from the surface. Here a thin stratum of shale 
covers the coal, not thick enough to constitute a safe roof; but to the west and northwest, 
the surface of the land rises, and over a small area it is possible that a sufficient cover may 
be found to allow of the coal being taken out. The quantity, how^ever, is not large, and what 
coal there is must be sought near the summit of the hill 

The Frank vStone farm (now R. R. Phillips) lies immediately to the west of the 
Pfouts farm. 

Ford, writing in the History of Geauga County published in 1880, makes a 
brief mention of coal 

Bituminous coal was found in the hill south of the square, near where George Carlton 
now lives, by Rev. Dexter Witter and Daniel L. Johnson, esq,, but not in paying quantities; 
and also about three-fourths of a mile north of the “old garden," near the residence of Judge 
Stone. 

No date is given for the discoveiy by the Rev. Mr, Witter and Mr. Johnson. 
It is revealed in the above history that the Rev. Mr. Witter first came to Burton 
in 1821, but did not live there regularly until 1828 and that Mr. Johnson was a 
boy when his parents moved from New York State to Burton in 1833. Both men 
were still living when the History of Geauga County was written.® George Carlton 
lived in what is now known as Carlton Street on the south edge of Burton. The 
*‘old garden^’ is located at North Burton and is near the Pfouts farm. 

Coal is reported to occur on the Lynn Mumford and Frank Davis farms located 
one mile west and one and three-fourth miles southwest, respectively, of the 
Pfouts farm.^ Although coal may once have outcropped on those farms, it is no 
longer exposed, according to Mr. Mumford and Mr. Davis. Coal is reported 
by Mr. Mumford at a depth of 43 feet in the drilled well at his milk house. Coal 
is also reported to have been encountered in other wells drilled in the vicinity, and 
it is possible that the digging and drilling of water wells played an important 
part in the discovery of the coal. The wells cited here have been drilled since 
mining ceased. On the 0. Buehner pr(^rty on the east side of Route 44 and a 
little less than a mile northwest of the Kouts farm, two feet of coal are reported 
at a depth of 42 feet.® In the well on the Louis Bukovics property near the west 
end of Carlton Street in Burton Village, three feet of coal are reported in the 
interval between a depth of 45 and 60 feet.® Only this last autumn (1043) Mr. 
Burnett reported coal at a depth of 12 feet about one-half mile south of the center 
at Claridon. 


♦Read, M. C., op. cit., p. 466 and pp. 621-22. 

•Ford, W. J., “Burton," Pioneer and General History of Geauga County, Ohio^ p. 420, pub¬ 
lished by the Historical Society of Geauga County (1880). 

•Idem., pp. 486 and 679. 

^Burnett, Charles, Oral communication, August or September, 1942. 

•Idem. 

•Thwing, F. H., Oral communication, September, 1942. 
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From the available evidence it appears that the presence of coal in the vicinity 
of Burton was known at least 15 years and possibly much longer before the mining 
began. 

Active prospecting and first mining of the coal on the Pfouts farm began as 
early as 1884, and prospecting may have been begun even earlier. On May 27, 
1884, Edward Blunt and David John leased the coal mining rights from Howard 
Pfouts, the father of Zeil Pfouts. This lease was assigned to D. E. Owen on May 2, 
1891. The June 26, 1884, isues of the Burton Independent in a North Newbury 
news item had the following: 

The coal shaft has been abandoned on account of high water. 



Fig. 8. Beech tree and location (at arrow) of the oldest slope northeast 
of the Pfouts house. 


On September 5 of the same year the Geauga Leader carried the following in 
the North Newbury news column: 

After sinking the fifth shaft, coal has been found in paying quantities. Parties from 
Youngstown are moving their families and are to mine the coal. 

A second lease, not identical in wording but very similar in import, is dated 
June 12, 1885. In it Edward Blunt and David John subleased the coal mining 
privileges on the Pfouts farm to Edward (Ned) James and M. Owens. On January 
1, 1886, the second lease was assigned by Edward James to D. E. Owens, agent 
for M. Owens. 

A copy of the first lease is appended at the end of this account in Appendix I. 
All of the participants in the leasing of the rights with the exception of Howard 
Pfouts were WelM. They came from the Welsh colony at Mineral Ridge, Ohio, 
with the depletion of the coal in that district. David E. Owens was the husband 
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of M. (Mary) Owens and the son-in-law of David John.“ David E. Owen was 
an accountant, not a miner, but nevertheless it was he to whom the leases were 
assigned and who directed the mining operations during most of the period of 
active mining. It seems that David John and Edwaid Blunt, who had con¬ 
nections with the mining industry in Mineral Ridge, either discovered or learned 
of the presence of coal on the Pfouts farm and were instrumental in having Mr. 
Owen assume the leases to coal rights on that property. Although he attempted 
it, Mr. Owen was never able to lease the co^ rights on the Gecmge B. Barnes 
(formerly Prank Stone and now R. R. Phillips) farm, which lies immediately to 
the west of the Pfouts farm and east of Route 44, although he rented and farmed 
it and lived there for some time.^^ 

The mines were operated under the name of the North Burton Coal Company. 
The first opening for the commercial removal of coal was the slope by the beech 
tree northeast of the Pfouts house. Later the main shaft directly west of the 
Pfouts house was dug, and after a period of mining it too was abandoned. Shortly 
thereafter other openings were dug along the ro^ west of the Pfouts house and 
east of the line fence. One of them was a shaft on the north side. A shaft and a 
slope were located almost directly across the road. The slqpe, located 40 feet 
east of the shaft, extended under the road. This is the place where a cave-in 
occurred under one of Mr. Pfouts’ horses a few years ago. The locations of these 
three mines are only discernible by the bits of dark shale and coal. The slope 
in the orchard 150 feet due east of the Pfouts house was the last opening from 
which coal was mined on the farm. Associated with this slope were three lesser 
shafts. One was directly south of the slope, and two were located northwest 
near an ash tree. One or more of these shafts may have antedated the slope. 
They were used for ventilation and for siphoning water from the mine. The 
only trace of this slope and of these three shafts is an abundance of black shale 
and coal in the soil. The locations of all of these former mine openings are shown 
in Figure 2. . 

Several informants have reported the average thickness of the coal to be 30 to 
36 inches and the maximum thickness to be four feet. The coal was apparently 
deposited in channels or basins and is lenticular in its development. Mineable 
thicknesses, accordingly, are extremely patchy in distribution. The overburden 
is thin and probably does not exceed 24 feet in thicloiess. The following geologic 
section has b%en compiled from available sources of information: 

5. Glacial liU: comprises most of overburden above coal. . . .16' lo 24' 

4. Shale; dark, thin . 

3. Coal: bituminous with some canncl m lower part and with some scattered 

marcasitc throughout, Sharon .2' 6* to 3' 0* 

2. Clay: thin, locally present. . 

1. '‘Rock”: sandstone or conglomerate, Sharon. 

Such a roof of till and shale over the coal made mining operations dangerous 
and troublesome and required timbering for every foot of the underground workings. 
That greatly increas^ the labor and costs in mining the coal. Rotting timbers 
in the old mine openings have permitted the cave-ins from time to time. 


'®Later in life David E. Owen dropped the “s'* from his last name. Herein following 
the name Owen will be used. 

"Mr. Owen did not bring his family from Mineral Ridge until 1886, when he with his wife 
and children moved into the house on the northeastern comer of the crossroad just southeast 
of Alderman Pond. This house is now in ruins. Later the Owen faintly moved to the George 
E, Barnes farm and finalW to North Newbury which is at the crossroad west of the Barnes 
and Pfouts farms. In 1900 Mr. Owen and his family moved to Burton Village. 
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Water also is reported to have been troublesome. Prom some openings it 
was removed by a water cage and from at least one other by a siphon. The siphon 
pipe extended from a shaft near the ash tree northeast of the house to the bittemut 
hickory tree at the bend of the road southeast of the house. (See Figure 2.) It 
was set in operation by means of a pitcher pump. The removal of water from the 
mine dried up the shallow dug well at the Houts buildings. 

From the slope by the beech tree the coal was brought out in mine cars hauled 
by a donkey or a little mule. From the other openings the cars were lifted or 
pulled by a jenny wheel operated by one or more horses. The jenny wheel and 
shaft opening were covered by a shed, the sides of which could be removed in 
warm weather. 

The coal contains much sulphur and ash and is only of fair quality. Never¬ 
theless it is reported to have burned well in spite of much ash and many clinkers. 
The coal is both bituminous and cannel and was used locally for domestic purposes, 
in the maple sugar camps, and in steam engines. It was sold at the following 


prices: 

Lump coal. . $2.60 per ton 

Nut coal . 2.00 per ton 

Slack (used in maple sugar camps). .. .1.00 per ton 


The coal here is the Sharon member or Number 1 coal. It is the oldest coal 
in the Coal Measures (Permsylvanian System) in Ohio. This is the same seam 
that once was extensively mined in northeastern Ohio in the vicinity of Massillon, 
Mineral Ridge, Youngstown and other communities where it was known as the 
**BlockCoal." 

The output of coal from all mining operations on the Pfouts fann was small in 
spite of the fact that the mines were in operation for almost 20 years. Mr. Owen’s 
record books have been lost or destroyed, and hence it is impossible to determine 
the total tonnage of coal mined. The mines were idle during the summer months 
and only one or two miners worked at any timp. The equipment and facilities 
were crude and small in comparison with modern mining equipment In addition 
to digging coal, Mr. Owen and his employees did all the necessary blacksmith 
and carpenter work. They made most of their equipment and tools. 

The length of time that any of the mine openings was in operation must have 
been short. As stated previously, the slope at the bee('h tree was probably dug 
in 1884, yet Zeil Pfouts states that this slope and the main shaft west of the house 
were both already abandoned by about 1890.*® t^hc last slope in the orchard 
east of the house was in operation in 1901 and may have continued in operation 
for one or two years longer. 

Not many facts are known about the men who worked in the mines. David 
John, who was a blacksmith, and Edward Blunt, who is reported to have sold 
insurance, seem to have been interested, in the mining principally as promoters. 
They probably performed little or no manual labor in prospecting and mining. 
David E. Owen, however, did all types of work connected with the mine as well as 
managing it. Edward (Ned) James is reported to have been the first miner 


'•He relates that he was bom in 1883 and that he was six or seven years old when the nuiin 
shaft was filled. An event that happened during the filling of the shaft firmly impressed it 
on his mind. A team of horses was engaged in hauling debris to fill the shaft. The team 
was driven too near the open shaft, and the edge caved in and threw one horse over the brink. 
The weight of the unfortunate horse hanging over the edge and attached to its team-mate 
by the harness threatened to dr^ the second horse into the shaft. Quick action in cutting 
the harness saved the second anirnal. The other dropped into the shaft, which was partly 
filled with water, and was drowned. 
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employed by Mr. Owen and probably did much of the actual work in digging and 
working the first slope at the beech tree. Later William Bowen, a miner from 
Minerfid Ridge, and Isaac Owen, a half brother of David E. Owen, were employed. 
They did not like the rural atmosphere of the North Burton neighborhood and 
remained only a short time. Still later Will Jones, Mr. Owen*s nephew, came 
from Mineral Ridge and worked in the mine for a few months. Mr. Owen’s 
older sons also helped with the mining. Finally there was Christ Maggs, from 
Girard, Ohio, who helped to dig the slope east of the Pfouts house and who operated 
it alone until mining was abandoned on the farm. 

Although the mining there ended about 40 years ago, interest in the coal has 
been revived from time to time. The Owen family held the lease to the coal 
rights on the Pfouts farm for a number of years and made semi-annual payments 
until August 2, 1922. In 1933, J. J. Peicht of Cleveland leased the Kouts and 
Phillips farms and attempted unsuccessfully to strip the coal. Since then James 
Sober of Salem, Ohio, test drilled the Pfouts and other nearby farms but attempted 
no mining. 
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Aptenoix II 

BIOGRAPHIC SKETCHES 



A. David Elsworih Owen 
1847-1»22 

David Elsworth Owen was born in Wales 
on July 0, 1847. His parents emigrated to 
the United States the following year and 
settled at Mineral Ridge in Trumbull 
County, Ohio He was reared in that town 
and by diligent effort was able to attend 
Iron City Commercial College in Pitts- 
burgh. After his graduation he liecame an 
accountant and followed that profession 
during much of his life. About 1880 he 
became interested in the coal deposit near 
Burton, Ohio, through his father-imlaw and 
others and eventually secured the mining 
rights and operated mines at North Burton. 
Although mining began in 1884, Mr. Owen 
and his family did not move from Mineral 
Ridge to North Burton until 3886. From 
that year until 1900 he engaged in mining, 
fanning and storekeeping. In 1900 Mr, 
Owen moved his family to Burton Village 
where he pursued varied activities. He was 
postmaster from 1905 to 1913, A short time 
after his retirement from that office his 
health failed. His death occurred on Feb* 
ruary 8, 1922. He was the father of ten 
children, four sons and two daughters of 
whom survived him, He was a member of 
the Disciple Church and the Masonic Lodge. 


B. Howard Pfouts 
1857-1907 

Howard Pfouts wasliom in Wayne County, 
Ohio, on October 27, 1857. When he was 
seven years old his parents moved to Beach 
City, Ohio, where he resided until shortly 
after his marriage to Miss Clara Walter in 
1881 7'he same year he moved to the farm 
at North Burton which is now the home of 
.his son, Zeil. He was a farmer throughout 
his life and lived on this farm imtil his death 
in October, 1907. His relatively early death 
was caused by on accidental fall from a tree. 
His fann was the site of Ohio’s northernmost 
coal mine, and all of the mining operations 
were carried on during his lifetime. He was 
the father of four ^ildren, all of whom 
survived him. He beloved to the Grange 
and to the Methodist Church and at the 
time of his death was a member of the 
Board of Education. 


OVIPOSITOR STUDIES OP THE LEAFHOPPER 
GENUS ERYTHRONEURA 

(Homoptera: Cicadellidae) 

MARY AUTEN TRAUTMAN, 

Frans Theodora Stone Laboratory, 

The Ohio State University, 

Put-in-Bay, Ohio 

Since determination of species in Eryiktoneura is based mainly on wing venation, 
color pattern, and inner male genitalia, it was believed that a study of ovipositors 
might lead to discovery of characters that would be of use in identification of 
females. Such a study was begun in 1937. Most of the work was done at the 
Stone Laboratory, the remainder at Ashland College I wish to express my 
appreciation to Dr, D. M. DeLong for his early assistance in the work; to Dr. 
F. Ti. Prison for loan of material from the Illinois Natural History (collections; to 
Mrs. Dorothy J. Knull for identification of specimens, for use of material, and 
advice; and to Dr. T. H. Langlois, the present Director of the Stone Laboratory, 
for use of facilities. I also wish to express my appreciation to Ashland College 
for giving me the opportunity to continue these studies while teaching there. 

METHOD OF PREPARATION OF OVIPOSITORS 

The tip of the abdomen of a mounted specimen was removed by the use of 
minuten nadeln This was soaked in 70% alcohol, using artists’ porcelain paint 
dishes for this purpose. One hour was sufficient for softening, although a longer 
period of time was not detrimental. The ovipositor sheath and valvulae were then 
dissected under binoculars with minuten nadeln and dehydrated on the slide by 
first removing as much of the alcohol as possible ^ith a small piece of cJieesc cloth. 
The ovipositor was then shifted to a dry place on the slide after which a drop of 
dtoxane was added and immediately removed with the aid of cheese cloth. Next 
a drop of thin balsam was placed on the genitalia and a cover glass put in placse. 
The following step was the most delicate of the whole process. The cover slip was 
gently but firmly rotated in such a manner as to slip the four ovipositor blades 
apart. This was accomplished with the aid of a heavy, No 7, insect pin. The 
position of the heavy-toothed blade was marked with india ink and the slide, 
after drying for several days, was ready for study. No staining was necessary 
since the amber color of the chitin gave satisfactory outline of the ovipositor. 

INTRA-SPECIFIC COMPARISONS OF OVIPOSITORS 

Erylhroneura basUaris (Say), JS. compta McA. and its variety E, compia var. 
rufomaculata McA., and E. tricineta Fitch were chosen for studies of large series 
to determine whether there are variations within the species. These were selected 
because they form well marked series, and individuals of each species were col¬ 
lected from the same host on the same day, indicating that they should belong to 
identical species. E. basUaris (Say) was collected on July 5, 1938, from red elm 
(Ulmus fulva) on North Bass Island, Ohio, E, compta McA. on July 22, 1937, 
from cultivated grapes {VUis sp. and Muscadinia sp.) on North Bass Island, Ohio, 
and E. tricincta Fitch on July 19, 1938, from cultivated grapes on Middle Bass 
Island, Ohio. 

Ovipositor slides of 53 specimens of E, basUaris (Say), 95 specimens of E, 
compta McA. and 89 of E. tricincta Fitch were prepared. After making camera 
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TABLE I 

Showing Conformity of Ovipositor Form in SPEaES of Five Groups of Erythraneura, 


CoifEs Group 



Typical 

Atypical 


Typical 

Atypical 

adys McA . 

3 

.. ^ 

degans McA . 

6 

. 

nudata McA . 

2 


infuscaia (Gill.).. . 

4 


hfo-piffi R-oVi 

9 


kanwakae Rob . 

9 

2 

btslrala, .. 

9 

u . 

onlari Rob . 

10 


cancellata McA ,. 

3 


pcnUfex McA.. .. 

7 


coloradensts (Gill.). 

11 


rubra (Gill.) . 

5 


comes (Say) .. .. 

31 

5 

iricincta Fitch. 

9 

1 

compia McA . 

15 


vtiij'ex Fitch ..., 

4 

4 

comt Rob, . .. ,.. 

5 


vilts (Harris).. . 

14 

4 

delicaia McA . 

9 

1 

vitis var. 






corona McA. 

13 



Macui-ata Group 


ahjec-io . 

2 


eta McA. 

6 



4 


gemina McA .. 

3 


adunca Bparncr, . • - 

3 


%arltt (Gill.). 

4 


affinis Fitch. 

14 


hymac Rob. 

2 

1 

arta Beamer. 

10 


illinotensis (Gill.),. 

6 

1 

basilaris (Say). 

15 


ingrata Beamer.... 

3 


bella McA. 

0 


kansana Baker . 

4 

3.1,1 

btgemina McA . 

2 

1 

knighti Beamer ... 

6 

4,1 

brevtpes Beamer... . 

4 


hwsom Rob. 

11 

1, 1 


1 

1. 1, 1 

iata Beamer,.... 

2 


campora Rob. 

7 

6, 4.1 

maculata (Gill.)... 

12 

2 

ftirnrint Rfiarner... 

3 


mtnor Beamer. 

3 


Beamer.. . . 

12 

■ ■4,'2;‘2. i" 

morgani (DeL.)- 

12 


concisa BeamcrT.., -. 

2 


omani Beamer. 

4 


conjlrmata McA. 

4 


pallida Knull and 



consue/a Beamer .. i 

3 

. 

Auten. 

2 


coHiracta Beamer.., 

2 

"l ” 

pyra McA.. 

8 


curvafa Beamer 

5 


fotufuia Beamer.... 

2 


delongi Knull and 



torella Rob,... .... 

3 


Auten. 

3 1 


irivittata Rob. 

3 


dira Beamer. 

3 


Ungulata Beamer... 

2 


parallela McA . 

5 


usitata Beamer,... 

5 



Obliqua Group 


albescens Beamer..., 

6 


funesta Beamer. 

6 


angularis Beamer.... 

9 

1 

'gleditsia Beamer... 

3 


apacha Baker. 

4 


Hantata Beamer. 

3 

. 

alrimucronata 



kanea Rob. 

7 


Beamer. 

2 


lawsoniana Beamer. 

3 


bUincia McA. 

2 


plena Beamer. 

7 


brundusa Rob. 

10 


rubens Beamer— 

2 


clavata DeL. 

4 

3 

rubroscuta (Gill.). . 

3 


crevecoeuri ^ill.)..J 

2 


ienuisptca 



cruciformis Beamer,. 

4 


Beamer. 

5 

1 

diffisa Beamer. 

8 

”' 4 

tridens Beamer. 

2 


electa McA.! 

2 

1 

slolata McA . 

2 


fulvocephala Rob. . 

4 

4, 2,2 





VULNBRATA GVOUP 


nig$rfima McA. 

7 

HMMHI 

vulnerata Fitch. 

16 


nigra (Gill.). 

3 

immmm 

var, fulmina McA.. 

2 




■mmiiiit 
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lucida drawings of a sample of each species the other slides were compared with 
these drawings by placing the slide on the stage of the microscope and following 
the outline of the ovipositor by means of the camera lucida. This method of 
checking eliminated making drawings of all 237 slides. 



I. BAS I LARIS 2.COMPTA 

MACULATA GROUP COMES GROUP 



4BRUNDUSA 


OBLIQUA GROUP 

Figs, 1~6. Projection drawing* of the coarse-toothed median valvulae of the 
ovipositor* M five apeeies of Brythroneura. 

The coarser-toothed median valvttla was used for this study although the lateral 
valvulae and the hner-toothed median valvula may poss^ interesting characters. 
The median valvula was found to be different in each species studied. The general 
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shape of the blade, length of toothed area, and slant and depth of teeth are appar¬ 
ently specific, cdthough minor variations in ntunber of teeth are present* 

E, basitaris (Say) in figure 1 shows heavy dentition, general arrangement of 
the teeth in two subdentides, and an angular rather than a .curved tip, resulting 
in the ovipositor having an almost straight dorsal edge. All 53 specimens studied 
showed these characteristics. 

£. compta McA. in figure 2 shows that the teeth are of an irregular low type 
and the tip of the blade is broad and toothed both dorsally and ventrally. The tip 
is greatly curved, resulting in a concave dorsal majgin. All 95 specimens of 
E. compta McA. and its variety rufomacidata McA. conformed to this general 
pattern. 

E. tricincta Fitch in figure 3 shows that the teeth are very fine and merely dent 
the edge of the blade, a constant character. The tip is curved and more pointed 
than in either bnsilaris or compta. 

After mdring studies of the three large series it seemed reasonable to include 
two smaller series representing the obliqua and vulnerata groups. Ten specimens 
of E. brundusa Rob., a well marked species, were used and all conform to the 
general pattern illustrated in figure 4* Figure 4 shows coarse teeth, somewhat 
as in E. basilaris (Say) although deeper and not divided into two subdenticles. 
The dorsal margin is slightly sinuous. Sixteen specimens of E vulnerata Fitch 
showed the general pattern illustrated in figure 5. In this figure the toothed 
margin is somewhat of a staircase type, slightly flattened, and with the suh- 
denticlcs on the riser. 

In recapitulation, the characters shown by these drawings, namely, the coarse 
teeth of two subdenticles in the maculata group, the distinctive curved tip and 
fine, irregular teeth in the comes group, the very coarse teeth and sinuous dorsal 
margin in the oblique group, and the staircase angle of the teeth together with the 
pointed tip extending slightly ventrad in the vulnerata group, are sufficiently 
definite to be used with color pattern and wing venation to place individuals in 
their proper group. 

INTER-SPJECIFIC COMPARISONS OF OVIPOSITORS 

The ovipositors of other species of Erythroneura, previously identified on the 
basis of wing venation, color pattern, and association with males, were studied. 
The results are given in Table I. Number of specimens studied are indicated 
by the numbers in the columns under the headings ‘‘Typicar* and “Atypical." 
A specimen was considered typical if its combination of characters agre^ with 
the characters of the majority of the specimens referred to as that species. 
Atypical specimens were those which vari^ from this combination of characters. 
These variants probably belong to other species and are the result of inability to 
identify the females with only the aid of wing venation, color pattern, and associa¬ 
tion of males. As many as four t5rpes of variants (species?) were recorded under 
a species. 

From the evidence presented I conclude that the coarser-toothed median 
valvula of the ovipositor is of sufficient constancy within a species to be of use in 
identification. 

In this paper no attempt was made (1) to make a key for species identification, 
(2) to describe the detailed characteristics for any species, (3) to describe the 
variations present within a ^ecies, (4) or to describe the variations occurring 
within a group. That considerable specific differences occur within groups is 
demonstrated in the compta group, figures 2 and 3, where differences in size and 
shape of teeth between compta and ificincta are very evident, yet their group 
relationship is plainly indicated by marked similarity in the general shape of the 
median valvula. Obviously the next step is to make for species identification, 
using ovipositor characters together with wing venation and color pattern as k 
done with the males* 



DESCRIPTIONS OF SIX TYPHLOCYBAS FROM THE 
UNITED STATES 

(Homoptera : Cicadeludae) 

DOROTHY J. KNXJLL, 

Ohio Biological Survey, 

The Ohio State University, 

Columbus 10, Ohio 

P'ive of these Typhlocybas belong to the Rosae Group and the sixth to the 
Danae Group. Unless other deposition is indicated all material is in the collection 
of the writer. 

Typhlocyba catsiopeia n. sp. 

Robust, cream colored, eyes pale, vertex and pronotum yellow-tinged, scutelhim white, 
elytra yellow fiemihyaline, apical cells faintly clouded, creamy white below. This species is 
near T. pomaria McAtee, 

Female genital segment three times as long as preceding, only slightly produced, rounded, 
ovipositor black-tipped, exceeding pygofer. A i^ir of black spots half way from base separated 
by width of ovipositor. Inner male genitalia: In ventral view aedeagus shaft narroweti on outer 
third, lateral processes almost parallel and in front of shaft, diverging gradually, sinuate on outer 
half, a third longer than shaft; in lateral view, aedeagus small, curved dorsad a third of distance 
from base at right angles to it, shaft slender, inconspicuous, lying dorsad between a pair of heavy 
lateral processes which exceed it by a third; ninth segment with ventral angle subrectangular, 
slightly pigmented, dorsal margin rounded obtusely; outer claspers rather stout, narrowed after 
middle to spoon-shaped pigmented apices which diverge a little; inner claspers slender, outcurved, 
aciculate. h 

Length: Male and female, Zyi mm, 

Male hololype, allotype and paratypes, Colorado Springs, Colo., July 19, 1938, D. J. & 
J. N. Knull, collectors; paratypes, Vineland Station, Ontario, W* L. Putman, collector, taken on 
a series of dates between July 27 and August 2, from 1938 to 1941, reared from Prunus serotina 
Ehrh. Paratypes in the Canadian National Collection, No. 5503. 

Typhlocyba putmani n. sp. 

Yellowi^ white, more yellow on vertex, golden y^low below; eyes tan; elytra shining sub¬ 
hyaline. Related to T. pomaria McAtee, but spine of pygofer not as prominently falcate. 

Last ventral segment in female with margin faintly sinuate, slightly emarginate over ovi¬ 
positor which is black-tipped and exceeds pygofer by its width. Male genitalia: In lateral view 
pygofer spine protruding slightly from ventral posterior comer, sharp, heavy, dark, lying along 
posttfior margin of pygofer, aedeagus with processes evenly curved and tapered from base to 
pointed apices which are directed latero-caudad, shaft hidden by a process to apex which pro¬ 
trudes ventrally at about one-third length of process; hrom ventral view, aedeagus three-pronged, 
shaft tapering to a fine point, a pair of lateral processes, each about a fourth longer than shaft, 
separate from shaft at base by about twice its width, extends roughly parallel to its entire 
length, becomes sinuate and turns latero-caudad at apex. Styles of usual type. 

Length; Male, 4 mm.; female, 4]^ mm. 

Male holotype, allotype and paratypes, Vineland Station, Ontario, July 16, 1940, W. L. 
Putman, collector, from Cornus spp.; other paratypes with same data collected July 12 and 13, 
1940. Types in Canadian National Collection, No. 5604; paratypes retained by author. 

Named for W. L. Putman, who has done interesting work in rearing leafhoppers. 

269 



270 


IX>ROTHY J, KNUU- 


Vol. XLIV 


Typhlocybft oneka n. sp. 

Slender, pale yellowish white, elytra semihyaline, below cream-colored, eyes pale. 

Female, last ventral segment large, concave, roimdly, almost semicircularly produced on 
Outer half, no indentation, a pair of dark points one-third distance from apex separated by more 
than width of ovipositor, sometimes indistinct; ovipositor exceeding pygofer by more than its 
width. Male genitalia; Ninth segment with posterior angle produced dorsad forming less 
than a right angle, margin rounded, ventral angle a little sinuate, darkened at tip, sharp, almost 
a right angle. Outer claspers long and slender, tapered gradually, constricted on outer third 
which is spatulate and curved laterad, pigmented toward apex; inner clasper hairy at base, 
outcvtrved, slender, somewhat aciculate? Aedeagus from lateral view slender, bifid at apical 
fifth, curved at a right angle with base about one-fourtli distance from base; a pair of very delicate 
slender processes arises just ventrad to base, extends two-thirds length of shaft, the parts diverging 
slightly toward apices. 

Length: Male and female, 33^ mm, 

Male holotype, allotype and paratypes, Cranberry Lake, N. Y., July 15, 1920, from Corylus, 
Osborn & Drake, collectors. Types in the Herbert Osborn Collection at The Ohio State 
University. 


Typhlocyba thawneeana n. sp. 

Slender, creamy white with translucent elytra and inner male genitalia remarkably different 
from any known species, 

Male genitalia: Ninth segment almost square on outer margin, ventral comer pigmented; 
outer- plates of moderate length, tapering gently to diverging apices which are swollen knob-like 
and pigmented; inner claspers rather heavy, enlarged blade-Hke before aciculate, divergent 
apices; aedeagus in lateral view complex, composed of a pair of heavy ventral processes arising, 
swollen at base and curving gently to apex; and a heavy shaft, not quite as long as processes, 
bifid at apex and with a pair of lateral arms projecting laterad before point of separation of apical 
arms, exceeding them in length, apical arms divergent; in ventral view shaft is very broad. 

Length: Male, 3H nim. 

Male holotype and paratypes, Shawnee Forest, Scioto Co., Ohio, June 9, 1943; paratypes, 
Monroe Co., Ohio, July 6, 1943; and paratype, Hocking Co., Ohio, September 19, 1943; all 
collected by D. J. & J. N. Knull. 


Typhlocyba hocldagends n. sp. 

Small, shining golden yellow above and bdow. gray eyes, elytra semihyaline, apical cells 
faintly smoky. Distinguished from all but T. pomaria McAtee by the falcate process from 
posterior border of sise of ninth segment which is heavily chitinized, pigmented; distinguished 
from r. pomaria McAtee by heavier lateral processes of aedeagus. 

Female, last ventral segment long, produced on median third, ovipositor exceeding pygofer 
by more than its width. Male, spine of pygofer pigmented, strongly protruding from ventral 
comer; aedeagus in lateral view with weak, short shaft, near apex of connective which is about 
as long as shaft between it and heavy pair of ventral processes which is three times as long as 
shaft, extends straight down on upper half, then curved abruptly dorsad at a little more than 
a right angle and is enlarged on apical half, then narrowed gradually to pointed apex; from ventral 
view shaft is not virible, processes are about parallel entire length, sinuate, apices turned in. 

Length; Male and female, 8^ mm. 

Male holotype, Hacking Co., Ohio, Jtme 19, 1943; allotype, May 29, 1938; paratypes, May 
29, 1938, to September 16, 1943; also paratypes as follows: Shawnee Forest, Scioto Co., Ohio, 
June 9, 1943; Great Smoky Mt. Nat. Park, Tenn., June 21, 1942; all collected by D. J. & J. N. 
Knull; and Indian Gap, Smoky Mts., Tenn., September 3, 1939, Mary Auten, collector. Para¬ 
types in Collection of The Ohio State University and in the Canadian National Collection, 
No. 6505. 



New Species ot 'I'yphlocybas 
Dorothy J. Knull 


Plate I 



EXPLANATION OF PLATE 

1. Lateral view of aedeagus of T, shawneeana n. sp. 

2. Lateral view of hind margin of ninth segment, T. shawneeana n. sp. 

3. Ventral view of aedeagus, T. shawneeana n. sp. 

4. Dorsal aspect of T. hinei n. sp- 

6 . Lateral view of aedeatms of r, anhka n. sp. 

6 . Ventral view of apex of aedea^ shaft, T. oneka n. sp. 

7. Lateral view of hind margin <3 ninth segment, T. oneka n. sp. 

8 . Lateral view of aedeagus, T. putmani n. sp. 

9. Lateral view of hind margin of ninth segment, T. putmani n. sp. 

10* Ventral view of aedeagus, T. putmani n. sp. 

11. Lateral view of aedeagus, T. cassiapeia n. iw. 

12. Lateral view of margin of ninth segment, T, cassiopeia n. sp. 

13. Veliitral view <A aedeagus, T, cassiopeia n. sp. 

14. Lateral view of aedeagus, T. hockingensis n. sp. 

15. Lateral view of margin of ninth segment, T. hockmgensis n. sp. 
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Typhlocyba hinei n. sp. 

Near T. bifasciata Boh., an European species, but with scutellum pale. Chalky white 
with dark brown eyes and two transverse bands on the ^ytra, the anterior extending from sides 
of scutdlum across clavus, extending slightly caudad on corium, reaching costal margin but 
leaving pale anterior humeral part; the posterior band before crossveins, extending from apex 
of clavus curving a little ccphalad toward costal margin, and narrowed. The elytra seem opaque 
but for costal area between bands and apical cells which are fumose semihyaline, veins white. 
Below white. This species belongs to the Danae Group. 

Length: Female, 4 mm. 

This beautiful insect is named for the late J. S. Hine, who collected a specimen. It occurs 
on white oak along with T. tunicarubra Gill. 

Described from a series of females, Holotype and para types, Delaware Co., Ohio, July 8, 
1942; paratypes July 1 and 15, 1943; all collected by D. J. & J. N. Knull; and a paratype, 
Wauseon, Ohio, July 8, 1896, J. S. Hine, collector. The Hine paratype is in the Herbert Osborn 
Collection at The Ohio State University, 


NOMENCLATORIAL NOTES ON CICADELLIDAE 

DWIGHT M. Delong. 

Department of Zoology and Entomology, Ohio State University, 

Columbus, Ohio 

The following new names are proposed for one genus and four species with 
names already preoccupied: 

Gemu 

Calanana n. n. for Calana DeLong (Ohio Jour. Sci., 36; 218. 1936), not Calana Gray, Proc. Zool. 
Soc. London, 16: 148, 1847 (Mollusca). 


Species 

Nesost^es mglecta var. pallidens n. n. for Nesostdes neghda vaf. palUda (DeLong ^ Davidson) 
(Ohio Jour, Sc. 33:55, 1933), not Nesosteks pallidus (Osborn) (Anns, Bnt. Soc. Amer. 
19; 362, 1926). 

Dikraneura lentana n. n. for D, lenta DeLong (Ohio Jour. Sci. 38J 218, 1938), not D, lenia 
McAtee, Jour. N. Y. Ent. Soc. 84; 160, 1926, 

Empmsca davidsoni n. n. for Empoasca mucronata Davidson & DeLong (Ohio Jour. Sci. 38:90, 
1938), not E. mucronata Ribaut, BulL Soc. Hist. Nat, Toulouse 65; 150^ 161, 1933. 
Typhlocyba prunUUa n. n. for Typhlocyba pruni DeLong 8c Davidson (OHo Jour, Sci. 34: 16, 
1934), not T. pruni Edwards, Entomologists Monthly Magazine 25:158, 1888. 



A SYSTEMATIC STUDY OF THE MAIN ARTERIES IN THE 
REGION OF THE HEART—AVES IX. 

' CoLiiFORJiiEs—P art 1* 

FRED H. GLENNY* 

1148 Linden Avenuet Akron 10, Ohio 

In several recent studies on birds, the writer has been able to present the 
significant basic ordinal and important family arrangement-patterns of the main 
arteries in the neck and thoracic regions. The present paper deals with the 
arrangement of these arteries in the Coliiformes. 

It is significant that, although only three species of Colies are represented 
in this study, Sclater (1924) recognises but one genus and six species for ^e order. 
The Colies are, therefore, an extremely small group of birds which are found 
exclusively in Africa. 

The taxonomic |K)sition of this order of birds has been a subject of much 
interest. At one time they were placed among the passerine Fringillidae, and 
later were grouped in the older order Coraciiformes. Wetmore (1945), however, 
gives them ordinal rank, which, based upon several anatomical evidences, is 
entirely justifiable. 

The information thus far presented in this and previous papers may subse¬ 
quently afford some clue to possible avian phylctic and genetic relationships, and 
may later come to be used, in part, as an aid in taxonomic treatises. 

MATERIALS® 

Single spe('iinens of the Speckled Mousebird Colius siriaitis Gmelin (No 
227154), the Red-fac€*ri Mousebird Colius indicus Latham (No. 290394), and the 
Blue-naped Mousebird CoUus macrourus (Linn6) (No. 290006) were dissected 
and diagrams of the main cervical and thoracic arteries prepared. 

^ The materials for this study were from thb collection of alcoholic specimens 
of the United States National Museum. 

OBSERVATIONS 

The arrangement-pattern of the arteries of the neck and thorax is the same 
for each of the thrt‘e species of Colies represented in this study. 

The innominate arteries (2) arise from the aortic root (1) and pass anteriorly 
and diagonally toward the base of the neck where they divide to form the common 
carotid artery and the subclavian artery. The latter gives rise to the coracoid 
major artery (15), which arises from the ventral face of the subclavian artery 
between the common carotid and axillary arteries, the intercostal artery (14), 
which arises from the posterior face of the subclavian just behind the coracoid 
major, the axillary artery (12), which arises from the anterior face of the sub¬ 
clavian between the common carotid and the anterior pectoral arteries, and finally 
the two p^toral arteries (13) in order. The coracoid minor artery (11) arises 
from the axillary artery. The subclavian arteries and branches present a bilaterally 
symmetrical arrangement. 

The common carotid derivatives are not bilaterally symmetrical in their arrange¬ 
ment and must, therefore, be treated separately, 

^Contribution from the Department of Zoology, University of Toronto, Toronto, Ontario, 
Canada. „ 

^Formerly Assistant, Department of Zoology, Univ. of Toronto. Now on Active Service 
with the Army of the United Statps. 

'Numbers after the species arc the U. S. National Museupi catalogue numbers of specimens 
used for this study. 
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The right common carotid (10) gives rise to the right ductus shawi (16) which 
sends off branches to the trachea (19), syrinx (18), bronchi, and oesophagus; the 
superficial cervical artery (29), which sends off a scapular artery (24) and other 
branches to the cervical lymph glands and musculature; a vertebral artery (27); 
and a secondary or accessory ascending-oesophageal artery (26) from the base 
of which a short basi-oesophageal artery (28) frequently springs. 

The left common carotid artery sends off a tracheo-oesophageal artery (17) 
from which springs the left ductus shawi (16) which sends off branches to the same 
organs and other structures as does the right vessel; the cervico-vertebral artery (21) 
divides into the vertebral (22) and superficial cervical (23) arteries (the latter 
sends off a scapular artery (24) to the left shoulder region); and the internal carotid 
(trunk) artery (25) which enters the hypapophysial canal and passes anteriorly to 
the bead where it sends off branches to the left and right sides of the head. Each 
of these vessels then divides into the complimentary internal and external carotid 
branches (Glenny, 1943). 

The ligainentum aortae (7) is present in each of the three species and is attached 
anteriorly to the left pulmonary artery (6). The ligamentum botalli (8) is present 
as a small vestige, but is much reduced and lends to fuse distally with the right 
radix aortae (4). In Colius indicus, at least, the right ligamentum botalli main¬ 
tains a thread-like proximal attachment to the right pulmonary artery. 

DISCUSSION 

It should be pointed out that the CoUiformes are laevo-carotidinae as are the 
Trogoniformes (Glenny, 1943), certain Coraciiformes (Meropidae, Upupidae, and 
Phoeniculidae) (Glenny, 1943), the Piciformes (Glenny, 1943) and the Passeriformes 
(Glenny, 1942). In arrangement-pattern, these forms closely resemble one another, 
and differ in only minor respects. 

Lowe (1939) points out that except for certain minor structural differences the 
Swifts and Humming-Birds closely resemble the Perching Birds which he would 
place in a subordinal position in the larger order Passeriformes. At the same time 
he would place the Pici, Eurylaimi, Cypseli and Trochili as other suborders in the 
Passeriformes. He also suggests that perhaps some of the Coraciiformes (Wet- 
more, 1940) might likewise be placed in this larger order. 

Based upon my own studies, I am inclined to agree with Lowe, if we are to try 
to ^tablish probable relationships of larger orders of birds, rather than accord 
ordinal rank to all groups which do not have all of the important characteristics 
of extant forms. 
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EXPLANATION OP PLATE 

Figure 1. Diagrammatic* representation of the main arteries in the nec'k and thorax of 
Coitus striaius Graelin. Ventral view. 


Aortic root. 

Innominate arteries. 
Systemic (4th aortic) arch. 
Right radix aortae. 

Dorsal aorta. 

Pulmonary artery. 

Left ligamentum aortae. 
Right ligamentum botalli. 
Subclavian artery. 
Common carotid artery. 
Coramd minor artery. 
Axillary artery. 

Pectoral arteries. 
Intercostal artery. 
Coracoid mapr arter>\ 
Ductus shawii. 


KEY TO ABBRBVUnOKS 

17. Tracheo-oesophageal artery. 

18. Syrinx artery. 

19. Tracheal artery. 

20 . Primafy ascending-oesophageal artery, 

21 . Cervico-vertebral artery. 

22. Left vertebral artery. 

23. Left superficial cervical artery. 

24. Scapular artery. 

25. Internal carotid (trunk) artery. 

26. Secondary or accessory ascending-oesoph¬ 

ageal artery (right internal carotid trunk 
artery). 

27. Right vertebral artery. 

28. Basi-cervical artery. 

29. Right-superficial cervical artery. 
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While it may be thought by some that there is gfreat variation in soft structures 
such as arteries, and therefore, these structures cannot be used satisfactorily as 
evidences of trends in evolution, my experi«ice in this work cannot substantiate 
such claims. In fact, by a thorough study of the arterial system in the neck and 
thorax, from early embryonic stages through to the mature adult, one can grasp 
the main and significant trends of devdopment. This is likewise true of the develop¬ 
ment-patterns of other structures such as the bony or skeletal system, and of the 
musctdature. Although virtually nothing with reference to growth curves (of 
bones, etc.) in birds has been done, such work as has been carried out recently 
would seem to confirm our conc^t ol ordinal developmental-patterns. Such 
findings are necessary to aid in the final establishment of ordinal and family 
relationships. 

If we are to accept a poly-reptilian concept of avian evolution, we must regard 
the origin of such birds as the Rhea, Ostrich, Emu, and Cassowary as different 
from that of the Tinamous, Galliformes, and Anseriformes, and at the same time 
we should postulate a different origin for the Penguins. In the same vein, we may 
further conceive of the other birds as being divided into at least two or more groups, 
present-day foims of which probably had somewhat different reptilo-avian 
ancestors. Of this latter group, the present-day representatives of the Coliiformes, 
Trogoniformes, certain Coraciiformes, Piciformes, and Passeriformes^ along with 
Cypseli and Trochili* may have sprung from a common stock since all of these 
show distinctive characteristics (several of which are held in common). Indi¬ 
vidual lines of evolution and development have taken place so that ultimately 
they have assumed their own distinctive characteristics which are the reasons for 
according them ordinal rank by our present taxonomists. 

It is, therefore, my opinion that if the present orders of birds are to be reclassified, 
based upon natural relationships, in an effort to establish primitive relationships, 
the above general group should be presented as the last main order. 
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THREE NEW ZYGNEMATACEAE FROM ARKANSAS 


GLENN C. COUCH, 

Uoivorsity of Oklahoma, 

Noraian, Oklahoma 

During a study of the algae collected in the Boston Mountain region of 
Arkansas, two new species of Zygnema and one of Spirogyra were found. Following 
are the descriptions of these species. 

Zygasma intignisporum sp. nov. 

Vegetative cells 24-28^ x conjugation scalariforai, receptive gametangia inflated 

on the conjugation side; xygoepores globose to ovoid 32-35^ x 32-33jii, outer wall of two colorless 
layers of which the outermost is smooth, the inner scrobiculate with pits 4-'5iu in diameter and 
about 7/u apart; median wall punctate, yellow. 

Zygnema tranaeaiiianum sp. nov. 

Vegetative cells 30-32/i x 20-60/1; conjugation scalariform, receptive gametangia enlarged 
or slightly inflated on the conjugating side; sygospores globose to ovoid 25-35/u x 33-40/1, some¬ 
what compressed; median spore wall yellow-brown reticulate with large irregular pits 7-12/i 
across. 

Spirogyra caataaacea sp. nov. 

Vegetative cells 34-37/* x 100-173/*, with plane and walls; 2 to 3 chromatophores making 
2 to 3 turns in the cell; conjugation scalariform, tubes formed by both gametangia; receptive 
cell inflated on both sides; zygospores mostly bniadly ellipsoid, rarely ovoid, 48-52/* x 60-73/*, 
median spore wall chestnut brown, strongly reticulate. 

A general summary of the algae of the Boston Mountain region was published in Abstrac ts 
of Doctoral Dissertations (No. 38) by the Ohio Stale University Press, 1942. 


SYMPOSIUM ON PREMBDICAL EDUCATION 

Alpha Epsilon Delta, national honorary prcmedical fraternity, sponsored a symposiian 
on Premedical Education at the Cleveland m^ing of the Association for the Advancement 
of Science in September, 1944. More than seventy teachers and administrators from various 
collies throughout the country attended. Dr. H. E. Setterfield, national president of Alpha 
Epsilon Delta, opened the Symposium and Dr. Victor Johnson, secretary of the Council on 
Medical Education and Ho^itals of the American Medical Association, presented a paper on the 
"Objectives in Prcmedical Education” from the medical point of view. Dr, C. I. Reed of the 
dqjartment of physiology at the University of Illinois was to have presented a paper summarizing 
some opinions on prenw^ol training as aetermined among the faculty and students of the five 
medical colleges in Chicago. Unfortunatdy, Dr. Reed was unavoidalily absent. 

A spirit^ discussion followed the formal remarks and showed the realization of the many 
important problems involved in prcmedical training. Plans for further investigation of these 
problems were proposed by Dr. Setterfleld, Amc^ these is the publication of the papers 
presented on the Symposkirn in the November issue of The Scalpel of Alpha Epsilon Ddta which 
will be distributed to a large number of teachers and administrators along with a list of the more 
important questions for discussion brought out at the ^mposium. The remarks and suggestions 
submitted will be publkhed in pamphlet form and circulated among premedical teachers and 
others interested. 

Copies of these pubUcations may be had upon request to Dr. Maurice L. Moore, Secretary 
of Alpha Epsilon Ddta, 3858 Lakewood, Detroit 15, Michigan. 
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(Papers appearing in this section are invited reviews of subjects of wide current interest.) 


PENICILLIN: A POTENT NEW CHEMOTHERAPEUTIC AGENT 

WM. G. MYERS, Ph.D,, M.D., 

The Ohio State University 


HISTORY 

In 1929 Dr Alexander Fleming (1) at St. Mary’s Hospital in London observed 
a clear zone around a mold contaminant on petri dishes inoculated with Staphylo¬ 
coccus aureus. This phenomenon stimulated him to isolate and culture the mold 
on broth to see if the mold would produce a substance inhibitory to the growth of 
bacteria under these circumstances. His hypothesis proved to be correct; for, 
whenever he placed a drop or two of the broth on which the mold had grown on 
plates on which Staphylococcus aureus or each of several other bacteria were grow¬ 
ing, large clear areas occurred after a short time as the drops diffused through 
the agar 

Dr. Fleming found by various methods that several different strains of 
staphylococci were inhibited by the broth with little variation among strains. 
Other pathogenic organisms which proved to be quite susceptible were Streptococcus 
pyogenes, pneumococci, gonococci, meningococci, Corynebacterium diphtheriae, and 
some strains of Streptococcus viridans. 

Many organisms were entirely unaffected by the broth. Among these were 
Escherichia coli, Eberthella typhosa. Pseudomonas pyocyaneus, Proteus vulgaris, 
Vibrio comma, Friedlander s bacillus, Hemophilus influenzae and Flexner's dysentery 
bacillus. 

Dr. F'leming found the broth containing the inhibitory substance for certain 
bacteria to be no more toxic or irritating than the broth itself, when injected into 
animals. In the summary to this orij^nal paper he modestly proposed that the 
antibacterial substance might find clinical application in infections caused by 
organisms susceptible to it. 

Since the mold which elaborated the antibacterial substance was recognized by 
Dr. Fleming to be a member of a large genus of molds, Penicillium, he named the 
substance penicillin. Although the word has been pronounced several ways and 
there has been much discussion as to the correct one, the majority usage among 
workers in the field appears to be pcn-i-cil'-lin. 

Because penicillin was very unstable and was difficult to produce in lat|[e 
quantities, it excited little interest during the next ten years. Fleming reported its 
use as a selective bacteriostatic agent for purposes of differentiation of bacteria in 
two or three papers. In 1932, Clutterbuck et al. (2) devised ways to grow the 
mold in larger amounts and further described the chemistry of the antibiotic 
substance. 

A sudden new interest in penicillin followed the announcement of Florey, et al. 
(3, 4) that penicillin is very effective therapeutically and is of extremely low toxicity 
in contrast to the relatively high toxicity of the antibacterial substances, gramicidin 
and tyrocidine, isolated by Dubos from soil bacteria. Their papers also included 
new methods of extracting the antibiotic substance from the mold as well as 
improved methods of purification. 
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Since the papers of Florey, et al. appeared in 1940 and 1941, reports of several 
thousands of cases treated with penicillin have appeared in about three hundred 
papers. 

The startling, almost miraculous, therapeutic results reported by Florey and 
his co-workers in the successful treatment of hopelessly infected individuals excited 
such wide interest that in 1941 Florey was brought to the United States by the 
Rockefeller Foundation to attempt to institute larger scale production than was 
possible in war-tom England. Here he interested the National Research Council 
and the Northern Regional Laboratory of the Department of Agriculture at Peoria 
along with several large pharmaceutical concerns in the possibility of large-scale 
production. At that time his yields were only about two units per ml. which were 
too small to be commercially practicable when amounts of the order of one million 
units were apparently necessary to treat deep-seated infections effectively. 

The next important advance, which made large-scale production feasible, came 
with the discovery by Dr. Andrew Moyer at the Northern Regional Laboratory 
that addition of com-steep water (a by-product of the corn refining industry) to 
the medium on which the mold was grown increased the yields of penicillin to 
better than forty units per ml 


PRODUCTION 

At present all penicillin is produced by growing highly selected strains of the 
mold, Penicillium noiaium (ordinary untested green bread or cheese mold is entirely 
unsatisfactory) on a suitable medium from which the penicillin is then extracted. 

Probably the foremost problem is the maintenance of sterility. It seems 
paradoxical that such a potent antibacterial agent as penicillin must be produced 
by a mold grown under aseptic conditions; but it is well known that organisms 
which are not susceptible to penicillin, may destroy it very readily. Thus Abraham 
and Chain (5) extracted a substance from Escherichia coh which they named peni¬ 
cillinase since it destroyed penicillin and it had some of the properties of an enzyme. 

The optimal culture temperature for penicillin production by the mold appears 
to be 24® C. The carbon source in the medium is (usually lactose; sodium nitrate 
may be used as the nitrogen source. A host of trace elements has been claimed to 
be essential for maximum yields by various workers. Among these zinc ions seem 
to be very important- As stated above, corn-steep water, the composition of which 
is incompletely known, greatly increases yields. 

Three devices are commonly employ^ to effect aeration (the mold will not 
grow anaerobically) and the method of culture is named accordingly. 

1. Surface culture method. Until several months ago most of the penicillin 
was produced by this method in commercial installations. Aeration is by simple 
diffusion and a fundamental rctmirement is that the medium be not more than 
two cms. deep for best yields. The essential problem is then one of sterilization, 
inoculation and maintenance under aseptic conditions for several days of the large 
surfaces of medium required for commercial production of penicillin. To do this, 
racks filled with shallow trays are sometimes used but more commonly the flat-type 
half-gallon milk bottle is used. Some establishments are said to be using several 
hundred thousands of these. After autoclaving the bottles containing about 
400 ml. of medium each, they are inoculated under aseptic conditions with suspen¬ 
sions of the mold spores by means of spray guns. The bottles are piled on their 
sides so that the maximum surface of me^um in the bottle is presented to the 
mold for growth. After a suitable time (usually 5-7 days) the pH of the medium 
will have changed from 4 or 5 to about 7, when the contents are dumped into 
seteening devices to separate the mold which is then discarded. The medium 
filtrate containing the penicillin is then ready for extraction. 

2. Submerged Culture Method. Several plants are now using this method which 
promises to supplant all other methods for commercial production. One establish- 
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ment uses several tanks which hold thousands of gallons each. Although the yields 
per ml. are probably somewhat lower than by the surface culture method, the labor 
requirements are very much less because the filling, sterilization, inoculation and 
handling of individual bottles is obviated. In this method aeration is accconplished 
by vigorous bubbling of sterik air through the inoculated medium. The essential 
problem seems to be one of sterilization of the huge volumes of air required. 

3. Bran Method. In this method aeration is brought about by growing the 
mold on coarse bran wetted with the medium in large trays or in long rotating 
cylinders. ^ 

Accwding to a report given by Coghill (10) the total production of penicillin in 
this country is increasing rapidly and it was predicted that sufficient would be 
available to meet the essential needs of both tl^ milita^ and civilian populations 
before the end of the year. In March., alone, approximately forty billion units 
were pioduced by 21 companies; this is greater than the total amount produced in 
1943. When all of the plants are producing to capacity it was predicted that at 
least 200 billfon units per month will be produced by the end of 1944. 

The present standard is a pure crystdline solid equivalent to 1650 of the old 
Oxford or Florey units per milligram. Hence the predicted output of the 21 plants 
will be only about 9 pounds per day. 

EXTRACTION AND PURIFICATION 

Several methods have been described for the extraction of penicillin from the 
culture medium on which the mold has grown. Among the simplest of these is 
that described by Abraham and Chain (7). The pH of the solution containing the 
penicillin is adjusted to 1.9-2.0 with phosphoric acid when it is immediately shaken 
with some solvent immiscible with water such as amyl acetate or chloroform. 
After separation of the phases the aqueous portion is discarded. The amyl acetate 
containing the penicillin in acid form is then shaken with small portions of water- 
containing base such as sodium bicarbonate. This reconverts the penicillin to the 
sodium salt which is selectively soluble in the aqueous phase. 

The resulting solution of the sodium salt of penicillin may be purified further by 
chromatographic adsorption on c'olumns of alumina or other suitable adsorbents. 
For clinical use further purifi('ation is usually unnecessary (although desirable) 
beyond removal of amyl acetate dissolved in the solution. Usually the solution is 
filtered through Seitz bacterial filters and then dried by sublimation of the water 
from the frozen state under reduced pressure. The product is a yellow powder 
which is quite stable when perfectly dry and especially if kept in the refrigerator 
For therapeutic use it is then readily dissolved in water or normal saline. 

CHEMICAL PROPERTIES OF PENICILLIN 

Needless to say there probably never has been a compound whose isolation 
and determination of structure has stimulated a more intensive and concerted 
effort by individual chemists and groups of chemists in universities and pharma¬ 
ceutical houses. Announcement of pure penicillin in the form of its cr^talline 
sodium salt was first made in October, 1943, by McPhillamy and Wintersteiner 
of the Squibb Institute for Medical Research (6). This was, of course, a most 
important step forward and an essential one preliminary to chemical scrutiny 
of the compound. For obvious reasons publication of the structure and synthesis 
of penicillin is not anticipated for the Duration even though they may be dis¬ 
covered before the War ends. 

Because all reports on the chemistry of penicillin which have been published, 
and notably the splendid work of Abraham and'Chain (7), have been of work on 
impure preparations, only general properties which are unlikely to be affected by 
the presence of impurities will be summarized here. 
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In aqueous solution penicillin is most stable in the pH range 6 to 7. Its anti¬ 
bacterial properties are destroyed at increasing rates as the pH of the solution is 
varied increasingly widely from the above stability range. It is this sensitivity 
to high acidities which results in loss of its activity in contact with gastric juice 
and makes inefficient its administration by mouth. The higher the temperature 
of the aqueous solution at a given pH the more rapidly the anti-bocterial properties 
are lost. Electrometric titration indicates that a lactone ring is opened during 
inactivation by alkalies. 

Penicillin is readily destroyed by hydrogen peroxide and potassium permanga¬ 
nate but is stable to air oxidation. 

In the free (acid) form it is readily soluble in fat solvents such as ether, acetone, 
esters and dioxane. It is less soluble in chloroform and only slightly soluble in 
benzene and carbon tetrachloride. The free acid dissolved in ether or amyl 
acetate is stable several days at room temperature; it is inactivated by passing 
dry hydrogen chloride through the solutions. It is also inactivated by such 
primary alcohols as methyl, ethyl, benzyl and by ethylene glycol. 

The sodium, potassium and ammonium salts are very hygroscopic and hence 
soon decompose in contact with air. The calcium, strontium, and barium salts 
are non-hygroscopic relatively stable white powders, especially if kept cold. 

Elementary analysis of the barium salt of penicillin obtained by Abraham 
and Chain with 500 units of activity per milligram corresponded to the formula 
Ct 4 H«OioN»Ba with a molecular weight of 045; 508 of this is due to the penicillin 
itself, free from barium. 

Meyer, et al. (8) give the formula CuHuNO* as best fitting their data. Later 
(9) they succeeded in obtaining the methyl, ethyl, n-butyl and benzohydryl esters 
by reacting with the corresponding diazo compounds. In vitro the methyl and 
ethyl esters were quite active, the ethyl more so than the methyl ester. Moreover 
there was some indication that the stability was increased as evidenced by suc¬ 
cessful use in treating mice infected with virulent hemolytic streptococci by giving 
the esters by mouth. 

ASSAY 1 

The concentration of penicillin is measured by a bioassay method which 
depends on its antibiotic properties. Two of the several methods used will be 
described briefly. 

Cup Assay Method ^—A susceptible strain of bacteria (usually Staphylococcus 
aureus 209) is cultured on petri di^es on which are evenly distributed five porcelain 
or glass cylinders so as to form a seal with the inoculated agar. Into two of the 
cups thus formed is placed a solution of penicillin of known concentration, usually 
one unit per ml. Into the other three cups is placed the solution whose content 
of penicillin is to be determined, after having diluted the solution so that its con¬ 
centration will also be about one unit per ml. The plates are then incubated at 
37® C. overnight. In the morning it will be found that wherever the penicillin 
has diffused through the agar the growth of the cultured bacteria will have been 
inhibited. There thus results a clear zone of inhibition around each of the cups. 
A suitable comparison of the average of the diameters of the zones produced by 
the solution of unknown concentration with the average for the knowns is the 
basis of the assay, This method is the most widely used because a sterile prepara¬ 
tion is unnecessary,and becatise a large number ot assays can be made per person 
per day, 

Turbidimetric MetM .—Where greater accuracy or greater speed is essential, 
turbidimetric methods based on the proportionality between penicillin concentra¬ 
tion and inhibition of bacterial growth are used. iTie necessity of using bacterial 
filters to sterilize the penicillin solutions prior to assay by this method as it is. 
usually employed is its chief draw-back. 
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Recently a bioassay method was described (29) by the use of which penicillin 
concentrations may be determined in 30-90 minutes with an error of less than 
5%. It depends upon the inhibition of the reduction of nitrate to nitrite by 
Staphylococcus aureus in the presence of penicillin. The nitrite is determined 
colorimetrically by a modification of the method of Shinn (30). 

The Oxford and Florey unit was originally defined as that amount of penicillin 
which, when dissolved in 50 ml. of meat extract broth, just inhibits completely 
the growth of the test strain of Staphylococcus aureus (11). At the present time 
penicillin is measured in terms of a pure crystalline standard assigned the value 
of 1650 units per milligram. From this it is seen that 0.6 gram of crystalline 
penicillin is equivalent in antibiotic activity to one million units. 


ANTIBACTERIAL ACTION OF PENICILLIN 

Many lists have appeared showing the susceptibility or insusceptibility of 
various bacteria and fungi to the action of penicillin in vitro. The one below is 
that of Hobby, Meyer and Chaffee (12). 


SuscEPTiBXJs Strains 
Diplococcus pneumoniae 
Streptococcus hemolyttcus 
Neisseria gonorrhoeae 
Neisseria meningitidis 
Streptococcus virtdans 
Bacillus subtilis 
Clostridium welchi 
Clostridium septique 
Clostridium histolyticus 
Clostridium sporogenes 
Clostridium oedemantiens 
Clostridium sordtllii 
Lactobacillus 
Cryptococcus hominis 


Insusceptible Strains 
Hemophilus influenzae 
Escherichia coU 
Ebertkella iyphosa 
Shigella dysenteriae 
Proteus vulgaris 
Salmonella paratyphi 
Salmonella enteritidis 
Pseudomonas aeruginosa 
Pseudomonas fiuorescens 
Serratia marcescens 
Klebsiella pneumoniae 
Staphylococcus alhus —1 strain 
Micrococcus alhus —1 strain 
Monilia albicans 
MoniUa krusei 
Monilia Candida 


In addition to some of the above organisms, Abraham et al. (4) found the 
following to be susceptible or insusceptible respectively. 


Bacillus antkracis 
Corynehacterium diphtheriae 
Clostridium teiani 
Actinomyces bovis 


Salmonella schoUmuelleri 
Salmonella typkimurium 
Brucella abortus 
Brucella melilensis 
Mycobacterium tuberculosis 
Pasteurella peslts 
Anaerobic streptococci 
Vibrio comma 

Leptospira icterohemorrhagiae 


In preliminary animal experiments followed by administration in four cases 
of early syphilis in men, Mahoney et al. (13) found that penicillin possessed spi- 
rocheticidal activity. Susceptibility of the spirochetes which cause relapsing 
fever {Borrelia novyi) was observed by Heilman and Herrell in experimentally 
infected mice (14). 

Evidence is at hand to indicate that penicillin is ineffective in virus infections. 
Myers and Lenahan (15) observed the development of chicken-pox in a patient 
under penicillin therapy for osteomyelitis. Robinson (16) found that penicillin 
was infective in protecting mice from the influena&a virus PR8. 

The foregoing list of oiganisms which are susceptible to penicillin contains the 
names of the greatest killers of man. The number of men who have died in all 
of the wars since the beginning of history is small in comparison to the number 
who have succumbed to the diseases commonly caused by these organisms. Men- 
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tion of only a few would strike terror into the hearts of the bravest armies; 
pneumonia, meningitis, bacteremia, osteomyelitis, empyema, tetanus, gas gangrene, 
brain abscess, mastoid and middle ear infections, gonorrhea, et cetera. 

That penicillin is not a panacea is attested to by the above list of insusceptible 
organisms. Moreover, recent reports show that there are numerous strains of 
some of the organisms, which appear in the susceptible list, that are not affected 
by penicillin. Fisher (17) found 12 insusceptible strains of staphylococci of 102 
strains in his in vitro studies with crude penicillin. He also encountered several 
strains of hemol 3 rtic streptococci which were not affected by penicillin. Florey 
(18) reports that Major Scott Thomson found 4 per cent of staphylococci are 
resistant to penicillin. 

The mode of action of penicillin is not clearly understood. Hobby, Meyer 
and Chaffee (19) found that penicillin usually acts as a bacteriostatic agent but 
it may not be bactericidal. Actual killing of hemolytic streptococci was not 
accompanied by lysis. It seemed that penicillin was effective only during active 
multiplication of the organisms. The rate of killing increased as the penicillin 
concentration increased within certain limits, when a given number of organisms 
was present originally; but no penicillin was destroyed or removed from solution 
in detectable amounts by the organisms. Abraham et al. (4) found no inhibitory 
effect on the action of penicillin in the presence of pus, blood, serum, tissue auto¬ 
lysates or peptones; this is in contrast to the sulfonamides. 

Gardner (20) describes microscopic changes due to a failure of fission in rod- 
shaped organisms acted upon by penicillin. There occurred a lengthening of the 
cells due to growth without division and separation of the cells. In the case of 
Staphylococcus aureus Smith and Hay (21) observed an increase in size of the 
cells which were cultured in broth containing penicillin. As the cells increased 
in size, imperfect division occurred as evidenced by the appearance of a clear zone 
across the middle of the cell. 

Welshimcr (28) found in studies in the Warburg apparatus that dismuiation 
of pyruvic acid by Staphylococcus aureus was inhibited by penicillin. 

^veral studies have appeared concerning the development of a tolerance of 
susceptible organisms when exposed to penicillin concentrations which would just 
permit growth, McKee and Houck (23) reported growth of a type III pneur 
mococcus culture, highly virulent to mice, in a thirty-fold increase of penicillin 
after 55 serial passages in a broth containing penicillin in concentrations that 
would not completely inhibit growth. Type specificity of these resistant cultures 
was retained although the colonies grew more slowly and the capsule was smellier. 
There occurred abnoiTnal fonns with a tendency to clump and chain formation 
Simultaneously there was a marked decrease in virulence for mice; before i:)assage 
a lethal dose was about ten organisms but after the fifty-fifth passage, approxi¬ 
mately 900 million organisms were required to kill the mice. Nor was the vitialencc 
restoi^ after nine mouse passages. Similar treatment with three strains of 
staphylococci, one strain of Streptococcus pyogenes and a type I pneumococcus 
culture produced the same results. Keefer et al. (24) found that resistance of 
Staphylococcus aureus and other cocci may develop during treatment of patients 
with insufficient doses of penicillin. However, the penicillin-resistant organisms 
remain^ susceptible to the sulfonamides and vice versa. 

Penicillin has the widest margin of safety of any known chemotherapeutic 
agent. Tissue cutture studies by Herrell and Heilman (25) showed that the 
toxicity for lymphocytes, ^nulocytes, phagocytes and erythrocytes was extremely 
low with crude preparations containing more than 97 per cent of impurities. 
Robinson (16), using an impure preparation, found the toxic dose of penicillin 
to be about 64 times the effective dose when injected subcutaneously into mice. 
Clinical evidences of toxicity encountered by Keefer et al. (24) such as urticaria, 
flushing of the face, and local pain at the site of injection were attributable to 
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itnpurities which had not been removed. Numerous recent reports in which 
purer preparations of later and improved manufacture describe no unfavorable 
clinical reactions whatsoever* In the light of this recent clinical experience with 
the drug, it seems safe to say that overdosage with pure penicillin is virtually 
impossible. 


ADMINISTRATION 

Penicillin has l>een administered locally as wet dressings, via catheters into 
wounds and body cavities, in ointments, and as a powder—either as the calcium 
salt or by insufflation with one per cent penicillin diluted with sulfonamide powder 
(2C). It has also been injected subcutaneously, intramuscularly, intravenously, 
intraperitoneally, intrathecally and into various body cavities and spaces. In 
general the present practice is to use it locally for bums, surface infections, wounds, 
etc.; and intramuscularly at the rate of 5,(X)0"20,0(K) units every 2-4 hours for 
systemic administration. Occasionally it is given by continuous intravenous 
drip in overwhelming infections or where an established bacteremia exists. A 
distinct disadvantage is that it cannot be given offlciently by mouth because of 
the rapid destruction of most of it by the ackl in the stomach. 



Fig. 1, a and b. Front and side views of patient at onset of j-^nicillin therapy. Extensive 
facial cellulitis and edema of both eyes may be noted; patient moribund; c, appearance 
of child ninety-six hours later. 

The striking effectiveness of penicillin in overwhelming infections susceptible 
to it is well demonstrated in the case of a patient treated by Herrell (22). Pig. 1 
(a and b) are front and side views of the patient at the start of penicillin treat¬ 
ment.^ According to her father, this four-year-old girl had bitten the inside 
of her left cheek prior to the appearance of swelling and redness of the left jaw 
six days bt^fore the pictures were taken. On admission, her temperature was 
104° F. and breathing and swallowing were difficult. Examination revealed 
necrosis in the left alveolar Ungual region; this was drained by means of a stab 
wound into which was introduced a small rubber drain. Blood culture was strongly 
positive for hemolytic Staphylococcus aureus. The leukocyte count was 4500 with 
37% neutrophils, 62% Ij^phocytes and 1% monocytes, During the next five 
days she was given between 20.000 and 30,000 units of penicillin daily intra- 

'Reprinted from "Further observations on the clinical use of penicillin," by W- E. Berrell, 
M* D., M.S., Proceeding of the Staff Meetings of the Mayo Clink, 18: 65-78, 1943, through 
the courtesy of the author and the Mayo Clinic. 
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venously. Thirly-six hours after the penicillin was started, the blood became 
sterile. At the time X-ray revealed pneumonia of the right upper lobe, pre¬ 
sumably staphylococcal in origin. Fig. 1 (c) was taken 96 hours after initiation 
of the treatment, at which time she could again swallow and breathe with little 
difficulty. Fig. 2 (a) shows the child on the ninth day of treatment when her 
temperature had become normal. Pig 2 (b and c) show her on dismissal, com¬ 
pletely recovered. During the twelve days of treatment the patient had received 
a total of 196,000 units of penicillin or only 0.12 gram of the drug on the basis of 
the pure crystalline salt! 


OTHER ANTIBIOTICS 

As Professor Fleming has remarked, it would be a most unusual accident if the 
first suc'cessful antibiotic would prove to be the best pne. At present there is a 
wide-spread search for other antibiotics which will be ^ective against pathogenic 
organisms that are insusceptible to penicillin; or that will be more easily produced, 
more stable, can be taken by mouth, or that can be readily synthesize. Among 
the many which have been described are: gramicidin, tyrocidine, streptothricin, 
streptomycin, actinomycin, clavacin, gliotoxin, penatin, etc., etc. However, 



Fig. 2, a. Appearance of patient nine days after oiifict of treatment; b and c, respectively, 
front and side \iews of patient before dismissal Complete recovery. 


most of them do not combine the lack of toxicity with the t^flectiveness possessed 
by penicillin. Of particular interest is sLreptothrk'in (27) since it is reported 
to be effective against the organisms that are responsible for typhoid fever and 
bacillary dysentery, an important group of gram-negative pathogens against which 
penicillin is entirely ineffective. 
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The Problem of Mitosia 

Franz Schrader has added another to the list of excelleht monographs in the (Columbia 
Biological Series. This volume treats of the problems of mitosis, many of which are as yet quite 
unerolained. The term mitosis is used in the old inclusive sense of any nuclear division that 
involves a spindle apparatus and division of chromosomes, and as such includes '‘mciotic 
mitosis." The book opens with a careful account of structures involved in the mitotic process, 
including the spindle apparatus, the kinetochore, the aster and the spindle constituents. Then 
follows a clear dispassionate account of the various hypotheses of mitosis, including those con¬ 
cerned with pulling, pushing, viscosity and hydration, electrostatics, diffusion, streaming, hydro- 
dynamic forces and tactoids. RelaW problems of the interphase, the pairing of chromosomes 
and kinetoohores, the nuclear membrane and other subsidiary phenomena make up a chall^ging 
chapter. Such conclusions as can be objectively and critically reached are presented in the 
final chapter. Students of cytology must read this masterful summary before proceeding with 
further attempts at solvinjj the problems of cell division, A bibliography of nearly 500 titles 
completes the book. The illustrations are few but very clear, and arc used just where they are 
neeaed.— L, H. Snyder. 

MitotUi: The Movements of Chromosomes in Cell Division, by Franz Schrader. 110 pp. 
New York, Columbia University Press, 1944. 82.00. 


Permeability Up To Date 

For nearly twenty years there have been no attempts at a monographic treatment of the 
topic of permeability. Within the past two years two such books have been published. One 
of these, written by two well-known American authorities on the subject (Brooks and Brooks, 
The Permeability of Living Cells. Julius Springer, Berlin, 1942), has unfortunately not become 
available because of transportation restrictions resulting from the war. The other book is 
"The Permeability of Natural Membranes," by Hugh Davson and J. F. Oanielli. This is a 
volume which will appeal more to specialists than to the general reader, but no one whose work 
lies within the field of permeability or related phenomena can ^ord to overlook it. All phases 
of the topic are discus^ and the book should be profitable reading for both plant and animal 
physiologists. Mathematical formulations of diffusion, rates of penetration, ana related phenom¬ 
ena are devdoped in some detail, There is a graphic chapter on the structure of'the plasma 
membrane. Permeability to various classes of substances such as non-electrolytes, gases, water, 
proteins, lipoids, ions, w^ electrolytes, and dyes are considered as separate to^s. One chapter 
IS devoted to the effects of narcotics, anothe* to the effects of temperature on permeability. 
There are also chapters on such specialized topics as potential measurements and permeability, 
haemolysis, permeability in relation to secretion and the permeability problems of the kidney. 
The final diapter is a discussion of the theories of cell permeability. A list of key references is 
appended to each chapter. There are numerous figures and an index.— B, S. Meyer. 

The PermaaMli^ of Natural Membranes^ by Hi«h Davson and J. P. Danielli. 361 pp. 
Cambridge; at the University Press; New York; The Macmillan Ck>. 1948. $4.75. 
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